An investigation into the role of interleukin-6 in linking systemic and local inflammatory responses in patients with colorectal cancer by Guthrie, Graeme J.K.
Glasgow Theses Service 
http://theses.gla.ac.uk/ 
theses@gla.ac.uk 
 
 
 
 
 
Guthrie, Graeme J.K. (2016) An investigation into the role of interleukin-
6 in linking systemic and local inflammatory responses in patients with 
colorectal cancer. MD thesis. 
 
 
 
http://theses.gla.ac.uk/7409/    
 
 
 
Copyright and moral rights for this thesis are retained by the author 
 
A copy can be downloaded for personal non-commercial research or 
study, without prior permission or charge 
 
This thesis cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the Author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the Author 
 
When referring to this work, full bibliographic details including the 
author, title, awarding institution and date of the thesis must be given 
 
 1 
    AN INVESTIGATION INTO THE ROLE OF INTERLEUKIN-6 IN LINKING SYSTEMIC AND LOCAL INFLAMMATORY RESPONSES IN PATIENTS WITH COLORECTAL CANCER 
  BY Graeme J.K. Guthrie BSc (Hons), MBChB, MRCS (Glas)   A THESIS SUBMITTED IN FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF MEDICAL DOCTORATE (MD) TO THE UNIVERSITY OF GLASGOW  From research conducted in the Academic Department of Surgery and Department of Pathology, Glasgow Royal Infirmary, Faculty of Medical and Veterinary Life Sciences, University of Glasgow.  
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ABSTRACT 
Colorectal cancer is the second most common cause of cancer death in the UK.  It is accepted that both tumour and host factors are important determinants of disease progression and survival.  While systemic and local inflammatory responses are increasingly recognized to be of particular importance the understanding of the mechanisms linking these important inflammatory processes remains unclear.  This thesis examines the prognostic importance of measures of systemic and local inflammation and proposes a hypothesis for a link between tumour necrosis, systemic and local inflammatory responses in patients with colorectal cancer. 
Chapter 3 reports the comparison of the prognostic value of longitudinal measurements of systemic inflammation in patients undergoing curative resection of colorectal cancer.  In Chapter 3 the results demonstrate that there was no significant overall change in either mGPS or NLR from pre- to post-operatively. This study highlighted the associations between pre- and post-operative mGPS and NLR and T-stage (p<0.001), TNM stage (p<0.005) and cancer-specific survival.  The relationships between pre-operative measurements were examined using multivariate analysis.  For pre-operative measurement both mGPS and NLR were associated with cancer-specific survival while when post-operative measures were examined only mGPS was specifically associated with cancer-specific survival (HR 4.81, CI 2.13-10.83, P<0.001). 
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Chapter 4 examines the prognostic value of the Klintrup-Makinen scoring method and the existing limitations with regard to its clinical utility.  An automated scoring method using commercially available image analysis software was developed and compared with manual scoring of tumour inflammatory infiltrates.  This study demonstrated that both manual K-M scoring (p<0.001) and automated K-M scoring (p<0.05) had prognostic value in patients who had undergone potentially curative resection of colorectal cancer, and that the novel automated method may provide an objective method of assessment of tumour inflammatory infiltrates using routinely stained haematoxylin and eosin sections of tumour samples. 
 In chapter 5 a hypothesis was proposed that Interleukin-6 may link tumour necrosis and systemic and local inflammatory responses in patients with colorectal cancer.  This chapter examined the basis for this hypothesis, which is presented in figure 5.1.   In addition, in chapter 5 the importance of this potential link is examined. 
 In chapter 6, the hypothesis outlined in chapter 5 was examined in a cohort of patients who had undergone attempted curative resection of colorectal cancer.   This study examined the inter-relationships between circulating mediators, in particular IL-6, tumour necrosis and systemic and local inflammatory responses.  This results of this study demonstrated that IL-6 was associated with tumour necrosis (<0.001) and mGPS (<0.001) independent of T-stage.   
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Thus adding weight to the hypothesis that elevated circulating concentrations of IL-6 may play a role in modulating both the systemic and local inflammatory responses in patients with cancer.    
Chapter 7 further develops the hypothesis that IL-6 signalling may be important in modulating systemic and local inflammatory responses in patients with colorectal cancer.  Further, in chapter 7 the basis for the role of trans-signalling in this signaling pathway was examined.  In this study, we reported that neither expression of the soluble IL-6 receptor or soluble gp130 were associated with systemic or local inflammatory responses.  As a result the possible reasons for these findings were explored and future work suggested. 
A prospective database of patients undergoing attempted curative resection of colorectal cancer in Glasgow Royal Infirmary was used throughout this thesis. This database was created and is maintained regularly by successive research fellows at the Royal Infirmary. 
The work presented in this thesis highlights the importance of the host response in the form of systemic and local inflammation in patients with colorectal cancer and proposes a link between these responses and tumour necrosis.  In addition, this work adds weight to the body of evidence suggesting that assessment of these host responses may improve stratification to treatment for patients with colorectal cancer.  Further, this work proposes a mechanistic link, between tumour necrosis, systemic and local inflammatory responses through Interleukin-6, that merits further investigation. 
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INTRODUCTION 
1.1 - EPIDEMIOLOGY OF COLORECTAL CANCER Colorectal cancer is the third most common cancer in males and females in the UK.  Annual incidence of the disease has gradually increased since the mid-1970s, particularly in the male population, with a worldwide annual incidence of approximately 1.24 million.  In the UK, annual incidence is approximately 75 per 100,00 males and 56 per 100,000 females.  In Scotland, colorectal cancer represents a significant public health problem with a higher incidence than other parts of the UK and most other countries in the Western world, with approximately 3,400 new cases being diagnosed each year [1]. While incidence rates have shown an overall increase since the mid 1970s, more recent data suggests that the incidence is stable in the male population and falling in the female population of Scotland. In 2010, the lifetime risk of developing colorectal cancer was estimated at 1 in 14 for men and 1 in 19 for females.  Colorectal cancer is the second most common cause of cancer death in both men and women in the UK, with 1600 people dying from colorectal cancer in Scotland [1]. Despite improvements in the diagnosis, investigation and treatment of patients with colorectal cancer, outcomes remain poor, with approximately half of those undergoing attempted curative resection dying from the disease, with a 5-year survival of approximately 55% [2].     
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1.2  - AETIOLOGY OF COLORECTAL CANCER Despite significant advances in the understanding of the genetic and cellular events involved in colorectal carcinogenesis, the precipitating events causing these remain unclear and are likely to be very complex.  Indeed, few precise aetiological agents have been identified for the majority of colorectal cancers.  While diet and lifestyle have been strongly implicated in the development of colorectal cancer there remains controversy over a number of specific aetiological agents.  The apparent complex nature of colorectal pathogenesis has led many authors to suggest that colorectal cancer is a result of a complex interaction between the host and the environment.  
1.2.1 - COLORECTAL CARCINOGENESIS Cancer is the excessive and uncontrolled proliferation of abnormal cells.  The defining characteristic of malignant cells is that they have the ability to infiltrate through the normal structures of parent tissues, in this case the muscularis mucosa, and are able to metastasize to distant sites.  Colorectal cancer is epithelial in origin and is thought to be caused by both external and internal factors [3].  The majority of colorectal cancers are adenocarcinoma, subdivisions of which include mucinous and signet cell adenocarcinomas.  Colorectal carcinogenesis begins with transformation of normal mucosa as a result of accumulated genetic and epigenetic alterations, initiated by multiple stressors, resulting in disordered cell replication and abnormal cell proliferation.     
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While it is thought that colorectal cancers contain a large amount of genetic and molecular alterations that result in cancer progression, key genomic alterations have been identified that are deemed necessary for colorectal carcinogenesis, these include 1) chromosomal instability (CIN), 2) microsatellite instability (MSI), and 3) CpG Island Methylator Phenotype (CIMP+).   
- Chromosomal Instability (CIN) Chromosomal instability refers to alteration in chromosome number, otherwise 
known	  as	  ‘aneuploidy’.	  	  CIN	  has	  been	  reported	  to	  be a key part of the adenoma-carcinoma sequence proposed by Vogelstein et al [4].  This sequence describes a step-wise progression from dysplastic aberrant crypt foci (ACF) to formation of macroscopic adenoma and ultimately colorectal cancer.  It is proposed that this 
‘traditional’	   pathway	   from	   normal	   mucosa	   to	   malignant tumour is associated with the accumulation of genetic alterations including mutation or loss of adenomatous polyposis coli (APC) gene function, mutation of K-ras, and loss of p53, the major tumour suppressor gene [5].         Figure 1.1 – Adenoma Carcinoma Sequence [6] 
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It is thought that the majority of colorectal cancers may develop this way however, in recent years several studies have suggested more widespread 
genetic	  and	  epigenetic	  abnormalities	  and	  that	  the	  ‘traditional’	  pathway	  may	  not	  take into account the complexity of these genetic alterations [7].  
- Microsatellite Instability Another significant contributor to the chromosomal instability observed in colorectal cancer is micro-satellite instability (MSI).  Micro-satellites are nucleotide repeat sequences within a DNA sequence.  The number of repetitions being variable within the alleles of an individual.  MSI refers to a phenotype in which there is failure of the DNA mismatch repair system, with resultant replication of damaged DNA.  The contribution of this chromosomal instability is reported to be greatest in Hereditary Non-Polyposis Colon Cancer (HNPCC) where it is observed most commonly [8-10], while that observed in sporadic tumours appears to be a smaller proportion, ranging from 15-20% in the literature [10, 11].   
- CpG Island Methylator Phenotype Gene transcription is regulated by DNA methylation, which occurs where cytosine and guanosine, i.e. CpG, form a dinucleotide pair. CpG methylation occurs frequently throughout healthy DNA [12].  Methylation of CpG islands in promoter sequences occurs in health to silence certain genes however, unregulated methylation of some promoter sequences has been reported to be important in carcinogenesis [13].   
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It is proposed that hypermethylation of specific genes results in exclusion of these genes to key transcriptional mechanisms with the resultant silencing of these genes, of particular importance is the silencing of tumour suppressor genes in colorectal cancer which may be inactivated by this mechanism [14]. 
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1.2.2 - SPORADIC COLORECTAL CANCER Sporadic colorectal cancer refers to cancer developing in patients with no genetic predisposing factors. This type of colorectal cancer makes up the majority of cases with 75-80% of cases being classed as sporadic colorectal cancer.  More than half of all bowel cancers are linked to major lifestyle and other risk factors.  While several factors have been implicated in the aetiology of colorectal cancer no single factor has been confirmed as being causative, and thus an individuals risk of developing colorectal cancer depends on many factors, see Figure 1.2.   
 Figure 1.2 – Risk Factors and Sporadic Colorectal Cancer.  Indeed, it has been estimated that avoidable risk factors such as tobacco smoking, alcohol consumption, dietary factors, and bodyweight could account for as much as 34% of all cancers, and approximately 8% of colorectal cancers [15].  
Sporadic Colorectal Cancer Gender 
Lifestyle Factors 
Medications Dietary Factors 
Age 
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1.2.3 - RISK FACTORS IN SPORADIC COLORECTAL CANCER - Age There is good evidence that development of colorectal cancer is associated with advancing age, with incidence of colorectal cancer rising significantly after the age of 50 years.  Indeed, statistics from UK cancer research between 2009-2011 reported that 95% of colorectal cancers were diagnosed in patients over the age of 50 years, Figure 1.3 [2].  
 Figure 1.3 - Bowel Cancer - Age-Specific Incidence Rates, UK, 2009-2011. Source: Cancer Research UK, CancerStats  The association between sporadic colorectal cancer and age is thought to be largely due to the accumulated exposure to environmental risk factors such as those associated with western lifestyle.     
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- Gender It is well recognized that the incidence of colorectal cancer is higher in males compared to females.  In addition, male patients with colorectal cancer appear to be younger, and tend to have higher incidence of left-sided cancers [16].  Further, deprivation appears to have a greater effect on male patients with higher rates of colorectal cancer observed in male patients from deprived areas while this effect does not appear significant in female patients [17].  - Lifestyle Factors 
- Smoking As for many other cancers, tobacco smoking appears to be one of the most important, avoidable risk factors associated with the development of colorectal cancer.  Tobacco smoking is associated with the inhalation of a number of known carcinogenic compounds such as polynuclear aromatic hydrocarbons, heterocyclic amines, nitrosamines, and aromatic amines, and there is good evidence that such carcinogens can reach the colonic mucosa[18].  There is also good epidemiological evidence that smoking increases the likelihood of development of precursor lesions such as adenoma formation [19] and further, the malignant transition of such precursor lesions [18].  In addition, there is evidence that smoking is associated with molecular alterations in key genetic pathways observed in patients with colorectal cancer, including: p53, BRAF, MSI positivity, and CIMP positivity [18].  Also, dose-response variables including daily cigarette consumption, duration of smoking, pack-years and age of initiation have all been reported to be significant [20].  
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- Alcohol Consumption A number of epidemiological studies have reported that alcohol intake is associated with increased risk of adenoma formation and transition to colorectal cancer with up to a 2-fold higher risk of colorectal cancer reported in those who drink more than 2 alcoholic drinks per day [21-23].  This has been further supported by molecular studies that have reported the importance of the effect of alcohol on folate and one-carbon metabolism and a potential detrimental effect on immune function through suppression of immune surveillance [22].  The mechanisms by which alcohol exerts its effect may be direct or indirect, however, what is clear is that high intake of alcohol increases risk and therefore recommending reduction of alcohol intake to lower levels may be beneficial.  
- Elevated bodyweight, Obesity, and Metabolic Syndrome Excess bodyweight has consistently been associated with numerous health problems including various cancers.  Large cohort studies including the Health Professionals Follow-Up Study (HPFS) have reported a direct association with elevated BMI and increased risk of colorectal cancer [24].  Importantly, a large meta-analysis reported a direct relationship between rising BMI and increasing risk of colorectal cancer [25, 26].  In addition, a large cohort study reported the importance of increasing abdominal obesity and risk of colorectal cancer with risk rising with increased abdominal circumference[26].      
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These findings are supported by the increasing evidence of an association between the presence of the metabolic syndrome (MS), defined by a cluster of risk factors including abdominal obesity, hyperglycemia, raised blood pressure, elevated triglyceride levels, and low levels of high-density lipoprotein (HDL) levels, and a variety of cancers including colorectal cancer [27].  The mechanisms underlying the link between metabolic syndrome and colorectal cancer may be related to the mitogenic properties of insulin and the proliferative properties of insulin-like growth factor and their affect on colonic mucosal cells [28, 29].  Interestingly, from a mechanistic point of view it has been proposed that obesity reflects a pro-inflammatory state including the presence of elevated circulating cytokine levels which have been implicated in colorectal cancer [30, 31].  
- Physical Activity The role of physical exercise in both primary and secondary prevention for a variety of health problems is well established.  With regard to colorectal cancer there is a significant body of evidence that higher levels of exercise are associated with lower incidence of colorectal cancer [32, 33].  Despite the logical extrapolation that an active lifestyle would confer a health advantage, e.g. reduction of obesity, avoidance of metabolic syndrome, several studies suggest that the protective effect is a direct relationship [24, 34] with a dose-response relationship observed across a range of physical activity frequency and intensity [35].  Interestingly, the protective effect of higher levels of exercise may be linked to improved immune system function [36].     
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- Dietary Factors Several studies have reported a significant link between dietary patterns and colorectal cancer; in particular the focus has been on the potentially protective affect of dietary fibre and the detrimental effect of red and processed meat.  The 
‘Western	  diet’	   comprising	   large	   amounts	  of	   red	   and	  processed	  meats	  has	  been	  reported to be significant, as has the presence of highly refined carbohydrates [37].  The mechanism underlying the effect of these dietary factors remains unclear.   
- Dietary Fibre The hypothesis that dietary fibre is protective against colorectal cancer relies on its effect on bowel transit. The hypothesis suggests that dietary fibre reduces colonic transit time thereby reducing the time potential carcinogens spend in contact with the colonic mucosa, while diluting/absorbing carcinogens.  Despite the plausibility of this mechanism, studies investigating the effect of dietary fibre on colorectal cancer risk have yielded inconsistent results.  The majority of studies do report an association between high fibre diets and lower risk of colorectal cancer, with risk reduction of 40-50% reported in some series [38-41].  However, this apparently strong protective effect has been questioned by a series of large prospective cohort studies that have not shown an association between increased dietary fibre and reduction in colorectal cancer risk [42].  Therefore, the evidence regarding dietary fibre intake and colorectal cancer risk remains unclear.   
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- Red Meat There is convincing evidence that in populations with Western diets containing high intake of red and processed meats the incidence of colorectal cancer is higher.  Many, but not all, epidemiological studies have reported a link between high red meat intake and incidence of both adenoma and colorectal cancer [43-47].  Of significance, a large cohort study of male health professionals, the Health Professionals Follow-up Study (HPFS) provided convincing evidence that men eating large quantities of red or processed meat (>5 times per week) had a 3-fold increase in risk of colon cancer [48].  Despite the strong evidence that high red meat intake is associated with increased risk of polyp and colorectal cancer formation, the mechanism underlying this remains unclear.  Several mechanisms have been proposed including: production of carcinogenic hydrocarbons through cooking methods [49, 50]; increased secretion of endogenous insulin (a mitogen), high levels of heme iron [51], heterocyclic amines and N-nitroso compounds [51-53].  
- Medications 
- Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) In recent years there has been increasing interest in the use of existing non-steroidal anti-inflammatory drugs in the prevention of colorectal cancer [54, 55].  Both epidemiological and randomized trials have provided good evidence that use of aspirin may have a chemo-protective effect and prevent both the formation and recurrence of adenoma and reduce risk of progression of colorectal cancer [56-58].    
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Further, strong evidence for the protective effect of NSAIDs comes from reports that these drugs were able to cause regression and suppression on lesions seen in the large bowel of patients with familial adenomatous polyposis coli [59, 60].  The most widely accepted mechanism underlying the chemo-preventive effect of NSAIDs in colorectal cancer relates to reduction of prostaglandin synthesis through their inhibitory action on the cyclo-oxygenase pathway (COX) [61].  However, a more complex mechanism may explain the effect more comprehensively, and include modulation of systemic inflammatory responses and direct actions on tumour cells themselves [55, 62].  Despite this strong evidence for the potential role for NSAIDs in the chemoprevention of colorectal cancer there is limited evidence regarding the lowest effective doses required, the duration of treatment required to produce the protective effect, and the populations suitable for targeting with chemoprevention.  Further, the side effects of some of these drugs, namely the potential cardiovascular and gastrointestinal side effects, has led to uncertainty with regard to their efficacy in primary prevention and major difficulties in assessing their efficacy in clinical trials.  
- Statins Statins are a class of drug involved in reducing cholesterol synthesis through their inhibitory effect on HMG-CoA Reductase, a key enzyme involved in the rate-limiting step converting HMG-CoA to mevalonate.  Downstream products of this pathway have been implicated in carcinogenesis, in particular Ras and Rho proteins have been shown to be important [63].   
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There are multiple mechanisms implicated in the anti-tumour effects of statins, including induction of apoptosis [64], inhibition of cell proliferation [65], inhibition of angiogenesis [7], and reduction in metastatic capacity [66].  There may also be an immunomodulatory role played by statins, however the exact effect is difficult to quantify due to the myriad of immune cells affected by statin use [67].  The combination of these proposed effects of statin therapy may explain the beneficial effects reported in some clinical trials, however meta-analyses have not found a significant risk reduction in those trials attributable to standard statin therapy [68] and the effect of high dose statin therapy remains unclear.  
- Hormonal Treatments It is consistently reported that colorectal cancer incidence appears to be lower in women compared to men, particularly in the pre-menopausal years.  In addition, there is convincing evidence from epidemiological studies that hormone replacement therapy (HRT) may exert a protective effect against colorectal cancer [69, 70].   These reports have been confirmed by randomized clinical trials that showed significant reduction in incidence of colorectal cancer in line with previous reports from observational studies [71].  Potential mechanisms for this effect of hormone therapy include up-regulation of tumour suppressor genes and mismatch repair genes [72, 73].  Despite these encouraging reports, the preparations, dosages and duration of treatment that confer a protective effect remain unclear, and the attendant risk of hormonal treatment in the form of breast cancer and cardiovascular events preclude its use in the setting of primary prevention of colorectal cancer [71]. 
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1.2.4 – NON-SPORADIC COLRECTAL CANCER While sporadic cancer lacks a clear causal factor and has multiple risk factors that contribute to its development, there are hereditary forms of colorectal cancer and disease processes that are specifically associated with development of colorectal cancer.  Hereditary forms of colorectal cancer are reported to make up around 20% of all colorectal cancers.  The most well known of these include: Hereditary Non-Polyposis Coli (HNPCC); Familial Adenomatous Polyposis Coli (FAP); and Inflammatory Bowel Disease (IBD).  - Hereditary Non-Polyposis Coli (HNPCC) Hereditary Non-Polyposis Coli, also known as Lynch syndrome, has clinical, pathological, and molecular features that differ from both sporadic colorectal cancer and other forms of hereditary cancer including FAP.  HNPCC tumours tend to affect the right colon, are commonly associated with synchronous and metachronous tumours, are associated with younger patients, and commonly have a better prognosis than sporadic colorectal cancer [74].  HNPCC tumours are often poorly differentiated, have increased signet-cell presence, and have 
lymphocytic	   infiltrates	   similar	   to	   that	   observed	   in	   Crohn’s	   disease,	   including	  tumour-infiltrating lymphocytes [75].  HNPCC has an autosomal dominant inheritance pattern [76] with high genetic penetrance for colorectal cancer estimated at between 85-90% [77].        
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Recent work has identified HNPCC specific molecular pathways that differ from that observed in sporadic colorectal cancers.  HNPCC is associated with microsatellite instability with mutations observed in specific mismatch repair gene sequences, this includes mutations in 5 DNA mismatch repair gene sequences – hMLH1, hMSH2, hPMS1, hPMS2 [78, 79].    This microsatellite instability however, is not 100% exclusive to HNPCC as it is occasionally observed in sporadic tumours [80], this clearly has implications for the use of genetic testing in HNPCC.  Previously a diagnosis of HNPCC colorectal cancer was based purely on clinical criterion and consideration of family history, as set out by the Amsterdam criteria I and II (Table 1.1) [81], and did not take into account the presence of any genetic mutations.    
Table 1.1 – The Amsterdam Criteria [81, 82]. AMSTERDAM I AMSTERDAM II  The following criterion must be met:  
x At least three relatives with colorectal cancer and, at least one should be a first-degree relative of the other two. 
x At least two generations of the family should have colorectal cancer. 
x One of the cases of colorectal cancer should have been diagnosed before the patient was age 50 years. 
x FAP should have been excluded. 
 The following criteria must be met: 
x At least three relatives with an HNPCC-associated cancer (large bowel, endometrium, small bowel, ureter, or renal pelvis, though not including stomach, ovary, brain, bladder, or skin. 
x One affected person is a first-degree relative of the other two. 
x At least two successive generations are affected. 
x One of the cases of colorectal cancer should have been diagnosed before the patient was age 50 years. 
x FAP should have been excluded. 
x Tumors have been verified by pathologic examination.   
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With the subsequent identification of genetic mutations and the ever-expanding list of mutations deemed to be significant in HNPCC, the Bethesda guidelines have developed to aid clinicians with decision-making with regard to which patients merit genetic testing.  The main difference between the Amsterdam and the Bethesda guidelines is 1) the purpose for which they were designed, i.e. Amsterdam I & II were designed to identify those patients with colorectal cancer who may have HNPCC tumours, while the Bethesda guidelines aimed to identify those patients with HNPCC who should undergo genetic testing; 2) the Bethesda guidelines also differ in that they take into account pathological criterion, such as micro-satellite status and Crohns-like peri-tumoural reaction.  Interestingly, the sensitivity of the Bethesda guidelines appears to outstrip that offered by the Amsterdam criteria (94% versus 72% respectively) [83].   
- Familial Adenomatous Polyposis Coli Familial Adenomatous Polyposis Coli (FAP) is a rare inherited genetic disease predisposing affected patients to colorectal cancer, with an incidence of approximately 1:7000 [84], approximately one third of those with FAP have no family history of the disease.  This genetic disease results in polyps developing in the colon and rectum of affected individuals usually in mid-late teens with multiple polyps present by the mid-30s if left untreated.  The inheritance pattern is autosomal dominant with mutation of the adenomatous tumour suppressor gene: adenomatous polyposis coli (APC), inherited [85].  The risk of developing colorectal cancer in those with FAP approaches 100% [86].  The diagnosis is made on clinical grounds with endoscopic examination confirming FAP if there are more than 100 colorectal polyps observed at endoscopy.   
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Genetic testing is then carried out to confirm the presence of the APC gene and family testing and screening of affected individuals carried out.  Prophylactic surgery is usually performed to reduce the risk of developing colorectal cancer, however, despite this, the risk of mortality from both gastrointestinal and extra-gastrointestinal malignancies remains [87].  - Inflammatory Bowel Disease It is widely accepted that there is a strong relationship between Ulcerative colitis 
and	   Crohn’s	   disease	   and	   the	   development	   of	   colorectal	   cancer	   [88].  There is good evidence that development of colorectal cancer increases with duration and extent of the disease, with studies reporting a cumulative risk of 2, 8 and 18% after 10, 20, and 30 years respectively for patients with ulcerative colitis [89], and	  similar	  cumulative	  risk	  in	  patients	  with	  Crohn’s	  disease [88].  Despite the strong association between inflammatory bowel disease (IBD) and colorectal cancer these tumours are reported to have distinct biology and morphology, with increased propensity towards more proximal and synchronous lesions. In addition, these tumours have distinguishing pathological characteristics including increased presence of mucinous and signet cell types with variable patterns of dysplasia [90].  Further, IBD-associated colorectal tumours tend to occur in younger patients and are managed differently with removal of the entire colon being the preferred option due to risk of synchronous tumours [88].      
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The susceptibility of patients with IBD developing colorectal cancer is likely to be multifactorial and may be explained in both the genetic and pathological changes observed in patients with IBD.  Multiple genetic abnormalities have been reported in IBD-associated colorectal cancer, including inactivation of tumour suppressor genes, oncogene mutations, and micro-satellite instability (MSI) [91].  Of interest, are the reported molecular mechanisms implicated in colorectal carcinogenesis in IBD patients related to inflammation.  In particular, the theory that oxidant stress results in increased permeability of the intestinal mucosa to bacterial products and that a subsequent abnormal immune response results in the release of a cascade of inflammatory mediators, including interleukin-6 [92, 93].  
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1.3 CLINICAL FEATURES OF COLORECTAL CANCER The symptoms of colorectal cancer are dependent on the location and extent of the disease, ranging	  from	  occult	  symptoms	  to	  frank	  ‘red-flag’	  symptoms.	   	  While most presentations are due to the effects of the primary tumour, some patients do present with symptoms of secondary deposits.          Figure 1.4 - Frequency and Location of Colorectal Cancer  (Johns Hopkins Colon Cancer Centre)  Early colorectal cancer may not cause obvious symptoms and arise insidiously.  Common symptoms leading to presentation to primary care include [94, 95]: 
x Change in bowel habit – alteration from normal pattern of defaecation to diarrhea, constipation, or change of caliber of the stools. 
x Rectal bleeding or presence of blood in stools. 
x Cramping abdominal pain and/or bloating. 
x Weakness/ Fatigue.  
x Unintended Weight loss/ Loss of appetite. 
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Presentation of appropriate symptoms usually leads to referral to secondary care and appropriate investigation.  The more occult symptoms such as weakness and fatigue are often more difficult to detect and many patients present with iron deficiency anaemia having initially presented to their general practitioner with fatigue.  Less commonly patients present to secondary care with emergency presentation in the form of bowel perforation or obstruction [96]. 
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1.4 – Diagnosis of Colorectal Cancer There are clear guidelines with regard to the diagnosis of colorectal cancer [97].  Primary diagnosis of colorectal cancer is achieved by three main methods: 
x Endoscopy with biopsy for tissue diagnosis. 
x Computed tomography (CT). 
x Double contrast barium enema. Guidance dictates that when colorectal cancer is suspected the whole colon is examined using one or a combination of these modalities [97].    Colonoscopy plays a vital role in the diagnosis of colorectal cancer. It remains the gold standard investigation offering high sensitivity [98].  The major advantage colonoscopy offers over other diagnostic modalities is the ability to directly visualize and biopsy suspicious lesions within the colon and rectum [97].  Disadvantages of this technique include requirement for intravenous sedation, bowel preparation and risk of serious complications including bleeding, perforation and death [99].  Despite the accuracy of endoscopic examination of the colon, other methods including CT colonography and double contrast barium enema do offer highly sensitive, alternative methods of investigation. CT colonography has the benefit of providing diagnostic information from both within and out-with the colon and has been reported to be a safe alternative to colonoscopy, particularly in those not fit for examination using endoscopy [100, 101].    
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Some reports suggest that CT colonography reaches approximately 93% sensitivity, while double contrast barium enema reaches only approximately 83%. This has led to CT studies largely replacing barium enema in the investigation of colorectal cancer [102],[103].                      
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1.5 – Colorectal Cancer Screening The principles of cancer screening as defined by the World Health Organisation include [104]: 
x The screening programme must address an important health problem. 
x The disease should be recognizable at a latent or early stage. 
x There must be a good understanding of the natural history of the disease. 
x There must be an acceptable form of treatment available. 
x The proposed screening test should have high accuracy and be acceptable to the population. 
x Facilities must be available to diagnose and treat the disease and the costs must be acceptable. Colorectal cancer, and the tests and treatments available is a disease that satisfies these conditions.  There is now good evidence that colorectal cancer population screening in appropriate age groups reduces both the incidence and mortality associated with colorectal cancer [105, 106].    The screening test used, the faecal occult blood test (FOB), is based on the knowledge that polyps and colorectal cancers may bleed.  A positive FOB test result leads to endoscopic examination of the colon and rectum.  The UK screening program invites all men and women between age 60-70 years, while the NHS Scotland bowel-screening programme invites all men and women between aged 50-74 to carry out a home faecal-occult blood test every 2 years.  Several studies have reported that colorectal cancer screening has reduced cancer-specific mortality in patients with colorectal cancer by approximately 25% in those screened [107].   
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This is thought to be the result of a significant	   ‘stage-shift’, brought about as a direct result of colorectal cancer screening, with more patients being diagnosed at an earlier stage. Importantly, it is widely reported that colorectal cancer screening reduces cancer-specific mortality in patients with colorectal cancer [108, 109].  In addition to population screening, current cancer screening strategies take into account those patient groups that may be at higher risk of developing colorectal cancer as a result of inflammatory bowel disease.  As previously described, patients with Ulcerative	  colitis	  and	  Crohn’s	  disease	  are	  at	  increased risk of developing colorectal cancer, and as such screening of these patients is believed to identify tumours at an earlier stage, however reports have not shown that screening of IBD patients reduces mortality [110].  Currently screening colonoscopy is offered to patients with IBD who have had documented disease for 10 years [111]. 
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1.6 – Staging of Colorectal Cancer Historically, colorectal cancer staging was based on the Dukes classification as described by Cuthbert Dukes in 1932 [112].  This staging system was designed for the classification of rectal cancer and has been modified several times.  The Dukes system, most recently modified by Astler and Coller stages colorectal cancer into stage A-D as follows:  
Table 1.2 – The Dukes Classification [113]. Dukes Stage Definition A Tumour invades muscularis mucosa and submucosa but does not invade the muscularis propria. B1 Tumours invade muscularis propria. B2 Tumours completely penetrate the smooth muscle layer into the serosa. C Tumours with any degree of invasion but have regional lymph node involvement. C1 Tumours invade the muscularis propria with <4 regional lymph nodes involved. C2 Tumours completely penetrate the smooth muscle layer and serosa with 4 or more regional lymph nodes involved. D Tumours with distant metastases present.  The current standard method of staging of colorectal cancer is the tumour, node, metastasis (TNM) system of the American Joint Committee on Cancer (AJCC) and The International Union Against Cancer (UICC) [114], and is widely recognized as the international language of colorectal cancer staging.  The TNM system has a comprehensive and consistent set of definitions based on clinical data.    
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The components of the system include size of the tumour (T), the number of nodes involved (N) and the presence or absence of metastatic disease (M).  
Table 1.3 - AJCC and UICC Definitions [114].  Category Definition Primary Tumour (T) Tx Primary tumour cannot be assessed T0 No evidence of primary tumour Tis Carcinoma in situ (intraepithelial or intramucosal carcinoma) T1 Tumour invades the submucosa T2 Tumour invades the muscularis propria T3 Tumour invades through the muscularis propria into the pericolorectal tissues T4a Tumour penetrates to the surface of the visceral peritoneum  T4b Tumour directly invades or is adherent to other organs or structures Regional Lymph Nodes (N) Nx Regional lymph nodes cannot be assessed N0 No regional lymph node involvement N1 Metastasis in 1-3 lymph nodes N1a Metastasis in 1 regional lymph node N1b Metastasis in 2-3 regional lymph nodes N1c Tumour deposit(s) in the subserosa, mesentery, or non-peritonealized pericolic or perirectal tissues without regional node involvement  N2 Metastasis in 4 or more regional lymph nodes  N2a Metastasis in 4-6 regional lymph nodes  N2b Metastasis in 7 or more regional lymph nodes 
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Distant Metastasis (M) M0 No distant metastasis M1 Distant metastasis  M1a Metastasis confined to one organ or site  M1b Metastases in more than one organ/site or the peritoneum  The data used to stage patients with colorectal cancer is determined from pathological samples of the primary tumour and nodal tissue and imaging in the form of computed tomography (CT), magnetic resonance imaging (MRI) and in some cases Positron Emission Tomography (PET) and ultrasound.  Therefore this method of staging provides a comprehensive, accurate and consistent staging assessment that can be utilized in the multi-disciplinary management of these patients. 
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1.7 – Surgical Management of Colorectal Cancer  The majority (approximately 80%) of colorectal cancers are resectable by surgery and despite significant advances in the fields of oncology and immunotherapy, surgery remains the definitive treatment of localized colorectal cancer and offers the best attempt at cure.  Surgical treatment aims to gain local control of the disease and involves complete en-bloc resection of the primary tumour, its vascular pedicle, and its lymphatic drainage [115].  
- Colon Cancer Treatment The type of surgery for colon cancer is determined by tumour location and stage of disease.  Stage I-III tumours can be safely treated by segmental mesocolic resection.  For right-sided tumours, right hemicolectomy is appropriate, while left-sided and sigmoid colon cancers are treated by left hemi-colectomy or sigmoid colectomy respectively.  There is debate regarding the best modality for stage IV disease but in principle preoperative chemotherapy followed by synchronous or staged colectomy and metastasectomy may be provided [115].  
- Rectal Cancer Treatment Rectal cancer requires careful pre-operative staging to determine appropriate treatment.  The use of MRI and the role of neo-adjuvant chemoradiotherapy as an adjunct to attempted curative resection are key to managing patients with rectal cancer.  While local excision of rectal tumours is possible for small tumours confined to the mucosa [116], it is not possible to predict by current imaging modalities which of these tumours will have local lymph node involvement and adequacy of resection is determined at pathology.   
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A proportion of these patients will require further surgery that may include progression to radical surgery if the pathology is not favourable, such as those patients with evidence of tumour close to, or at the resection margin, those with lymphovascular invasion, or a poorly differentiated tumour [97, 117].  The most important surgical principle in the treatment of rectal cancers is use of total mesorectal excision (TME).  There is good evidence that adherence to this principle of excision reduces risk of local recurrence by ensuring good circumferential clearance of the tumour [118, 119].    Low anterior resection is the operation of choice for tumours of the upper and middle third of the rectum while tumours of the lower rectum may require more radical surgery in the form of ultra-low anterior resection.  Radical abdomino-perineal excision (APR) is reserved for those low rectal tumours thought to be involving the sphincters.  The resection technique for extralevator surgery has been refined in recent years with the evolution of the cylindrical APR technique and is thought to confer an oncological advantage with lower circumferential resection margin (CRM) involvement reported [120].  In addition, lower recurrence rates have been reported for those patients with rectal cancer who have received pre-operative radiotherapy [121-123]. Previously post-operative chemoradiotherapy was thought the sole treatment for locally advanced rectal cancers, however in recent years patients with locally advanced rectal tumours have received neo-adjuvant	  chemoradiotherapy	   to	   ‘downstage’	   the	   tumour	  and	  therefore avoid the significant morbidity associated with APR.  There is good evidence that such a strategy improved local control in these patients [124].    
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1.8 – Adjuvant Therapy for Colorectal Cancer The use of adjuvant chemotherapy and radiotherapy in the treatment of colorectal cancer is determined by multi-disciplinary assessment of individual patients.  The aim of adjuvant therapy is to augment the local control achieved by surgery with systemic disease control to prevent the development of metastases and reduce the risk of recurrence.  
- Adjuvant Chemotherapy  Adjuvant chemotherapy is used for stage II and III colorectal cancer.  While the indications for the use of adjuvant chemotherapy in stage III colorectal cancer are well recognized, its use in patients with stage II disease is less well defined [97].  To date, large-scale trials, including the UK QUASAR [125], and IMPACT study [126] have shown only a small benefit for selected patients with stage II colorectal cancer.  It is currently recommended that only those stage II patients with high-risk pathological features fit enough for chemotherapy should receive adjuvant chemotherapy [127],[128].  Several studies have reported a documented risk reduction of death for patients with stage III colorectal cancer [129], with an estimated 5% improvement in 5-year survival for colon cancer and 9% improvement for rectal cancer [130].  Several trials including the National Surgical Adjuvant Breast and Bowel Project (NSABP), and The Netherlands Adjuvant Colorectal Cancer Project (NACCP) found that treatment with 5-Fluorourcail (5-FU) improved 5-year survival and recurrence free survival [131-133].   
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1.9 – Metastatic Colorectal Cancer The treatment of metastatic disease is a complex problem and treatment decisions with regard to the best mode of therapy are determined within the context of a colorectal MDT meeting.  The most common site for metastatic disease is the liver. The most common methods of diagnosis include CT or MRI [134, 135] and these modalities are key to diagnosing resectability along with adjunctive imaging with FDG-PET scanning [134].  There is good evidence that survival may be improved by synchronous hepatic resection for colorectal liver metastases [136], however only 20-30% of patients with synchronous liver metastases are deemed resectable [137].   Further, recent advancements, including radio-frequency ablation, have led to the consideration of lesions previously thought unresectable to be considered for resection [138].               
 51 
1.10 – PROGNOSTIC FACTORS IN COLORECTAL CANCER 
- 1.10.1 – Tumour Factors 
Since	   the	   advent	   of	   the	   Dukes’	   classification,	   prediction	   of	   outcome	   has	   been	  based on high-risk pathological criteria such as the Tumour, Node, Metastasis (TNM) system, and this is widely accepted as the gold-standard.  
Table – 1.4 –Colorectal Cancer Survival by Stage. 
COLON CANCER   RECTAL CANCER TNM Stage 5-Year Survival TNM Stage 5-Year Survival I 92% I 87% IIa 87% IIa 80% IIb 63% IIb 49% IIIa 89% IIIa 84% IIIb 69% IIIb 71% IIIc 53% IIIc 58% IV 11% IV 12% Cancer Research UK Statistics [2]  Despite this, it has become increasingly clear that within the Dukes and TNM staging systems there is a wide spectrum of disease with survival being variable, reported to range between 50-85%, particularly in those with Dukes B2 or T3/4 node negative tumours [139],[140],[141].  In an attempt to improve the accuracy of prognostication pathological assessment has been refined.  Using a simple, reproducible, cumulative score the Petersen Index combines four pathological factors: peritoneal involvement, venous invasion, spread involving resection margin, and tumour perforation.   
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- 1.10.1.1 - Peritoneal Involvement Peritoneal involvement is defined by presence of tumour cells on the peritoneal surface or within the peritoneal cavity.  It has been reported to be a strong independent prognostic factor in both colon and rectal cancer [142, 143].  The recognition of tumour cells on the peritoneal surface is reliant on pathological microscopic assessment and is therefore subject to variability.  - 1.10.1.2 - Venous Invasion Venous invasion is a feature of progression of colorectal cancer and is defined as the presence of tumour cells within endothelium lined spaces [144].  Detection of venous invasion requires fastidious pathological assessment, a process that has been hampered in the past by difficulties with staining and sectioning, with wide variability in detection rates from 10-90% [145].  Despite the difficulties with pathological analysis of venous invasion it has been widely reported as a strong prognostic indicator and marker of risk of development of local recurrence and distant metastases [146-148].   - 1.10.1.3 - Involved Resection Margin Margin involvement is defined as presence of tumour cells at or within 1mm of the surgical resection margin and is important in staging and prognostication.  Most evidence regarding the significance of margin involvement comes from studies involving patients with rectal cancer [149, 150].  Indeed margin involvement is a well recognized, significant adverse prognostic factor [151].   
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- 1.10.1.4 - Tumour Perforation Tumour perforation refers to viscus perforation through the tumour site.  It is well recognized that tumour perforation is a significant adverse prognostic factor in patients with colorectal cancer [128].    - 1.10.1.5 - Lymph Node Ratio It is an essential part of colorectal cancer surgery that the draining lymphatic tissue is excised along with the tumour.  This is based on the recognition that many nodal metastases are found in small lymph nodes (<5mm) [152, 153].  Many factors can affect the lymph node harvest including, age, anatomical variation, and adequacy of surgical resection. Perhaps the most challenging but important factor in lymph node harvest is the ability of the pathologist in identifying and retrieving the lymphatic tissue in resection samples and accurately describing the status of the associated lymph nodes [153].    It is widely accepted that a minimum of 12 lymph nodes must be acquired to provide accurate pathological staging and prognostic information [154-157].  In lymph node positive colorectal cancer, it has been reported that lymph node ratio (LNR), a figure achieved by dividing the number of positive lymph nodes by the number of harvested nodes has been reported to have prognostic significance.  It has been reported that LNR provides superior prognostic information compared to N-stage status alone [158-160].  Despite strong evidence that LNR offers superior prognostic information the thresholds used differ between studies thus making its value as a prognostic marker unclear.  
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- 1.10.1.6 - Angiogenesis Angiogenesis is the process whereby a tumour obtains oxygen and nutrients essential to sustain growth and development.  Angiogenesis represents one of the hallmarks of cancer [3] and is believed to be a tightly regulated, complex process involving multiple cell-signalling pathways [161].  Angiogenesis in cancer is thought to represent a shift in the delicate balance of pro-angiogenic and anti-angiogenic factors as a result of increased demand for nutrients by rapidly growing tissues. This has been termed the angiogenic switch and is thought key to the malignant process [162] with several subtypes of Vascular Endothelial Growth Factor subtypes (VEGF) reported to be of significance in various tumours.  In addition it has been well documented that increased VEGF and its receptors correlate with disease progression and may be useful for predicting prognosis [163-165].  Indeed, several authors have reported that colorectal cancer is an angiogenesis-dependent malignancy and that presence of neovascularization is a poor prognostic sign [166].           
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- 1.10.1.7 - Tumour Necrosis There is good evidence that presence and extent of tumour necrosis is important in determining outcome in many solid organ tumours such as lung [167], urothelial [168], and breast [169] cancers.  With reference to colorectal cancer, some studies have reported the presence of tumour necrosis in more than 90% of colorectal cancers [170] thus strongly implicating tumour necrosis in the natural history of colorectal cancer.  The importance of tumour necrosis in patients with colorectal cancer was reported in a study by Pollheimer and colleagues who demonstrated that necrosis was significantly associated with tumour-related factors including advanced stage, poor differentiation, venous invasion and larger tumour size [170].  Two recent studies have directly examined the relationship between tumour necrosis and survival in patients with colorectal cancer.  Both Pollheimer et al. and Richards et al., have reported that tumour necrosis is a negative prognostic marker in colorectal cancer [170],[171].  In addition, Richards and co-workers reported an association between necrosis and well recognised high-risk pathological variables such as vascular invasion, peritoneal involvement and margin involvement in colorectal cancer [171].  Despite the reported important role of tumour necrosis in colorectal cancer it does not appear to have independent prognostic value [171].  It is hypothesized that tumour necrosis may play a more complex role contributing to the host inflammatory response in patients with colorectal cancer. 
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1.10.2 Host Factors - 1.10.2.1 - Cancer Associated Inflammation There is now persuasive evidence that cancer survival, especially in early stage disease, is dependent on the tumour-host interaction.  In particular, inflammation is now thought to be key in tumourigenesis via DNA damage [172], stimulation of angiogenesis and proliferation, and inhibition of apoptosis [173].  Indeed, the link between inflammatory bowel disease and development of colorectal cancer is well established.  For example, many epidemiological studies have reported high frequencies of colorectal cancer among patients with inflammatory bowel disease [174],  and animal models of colitis-associated colorectal cancer have been utilized to investigate models of cancer-related inflammation.  In addition, it has been reported that IL-6 signalling is key to maintaining mucosal integrity and dysregulation of this key pathway may partly explain a link between inflammatory bowel disease and colorectal cancer [175].  Lastly, in recent years the risk of developing colorectal cancer on a background of inflammatory bowel disease appears to be reducing and this might be explained by improved treatments of colonic mucosal inflammation [176].    Several studies have provided evidence for this crucial role for cancer-associated inflammation, both in resected colorectal tumours and in precursor lesions [177].  Indeed, cancer-associated inflammation has recently been identified as a key determinant of disease progression and survival in colorectal cancer and has been cited as the seventh hallmark of cancer [178-180].   
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- 1.10.2.2 - The Local Inflammatory Response to Colorectal Cancer With reference to the local inflammatory response, more than 100 studies over the last 40 years have reported that inflammatory/immune cells in the immediate tumour microenvironment play an important role in determining colorectal cancer outcome.  Recently, Klintrup and co-workers determined, through assessment of the entire immune/inflammatory reaction at both the invasive margin and in the central part of the tumour, that local inflammation was an important prognostic marker predicting both enhanced survival and recurrence-free survival in both colonic and rectal tumours [181].  Recent work confirms that a pronounced tumour inflammatory infiltrate predicts good outcome and it has been proposed this may be used routinely to predict survival [181-183].              
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- 1.10.2.3 - The Systemic Inflammatory Response to Colorectal Cancer The systemic inflammatory response is activated in a number of conditions, however, the pathophysiology is similar regardless of the initiating insult.  This response to injury is a complex multi-faceted process involving both humoral and cellular immunity, the complement system and complex cytokine cascades.  This non-specific response to injury results in vasodilation, increased vascular permeability, cellular activation and coagulation all aimed at tissue regeneration and repair.  Several pro-inflammatory cytokines play a key role in the activation and propagation of the systemic inflammatory response and are produced by macrophages, monocytes, mast cells, platelets and endothelial cells, with key players including Interleukin-1, and Tumour Necrosis Factor Alpha (TNF-α),	  which via an action on Nuclear Factor Kappa B (NF-κB), results in the production of further key pro-inflammatory cytokines including Interleukin-6, Interleukin-8, and Interferon-gamma (IFN-γ) [184, 185].  It has been reported that IL-6 in particular, is key to the production of C-reactive protein (CRP), one of the acute phase proteins measured clinically in inflammatory conditions [184, 186, 187].  The systemic inflammatory response is normally subject to tight controls by cytokine cascades aimed at dampening the response, in the form of IL-4 and IL-10, which have a direct antagonistic effect on the pro-inflammatory cytokine cascade [185].  While the overall process is normally a balanced response if this balanced response is disrupted and the normal control lost, an exaggerated response results that can have a significant negative impact on body tissues. 
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With reference to the systemic inflammatory response and cancer, there is now good evidence that it is associated with poor outcome in patients with a variety of common solid organ tumours [188-191].  The systemic inflammatory response, measured as an elevated C-reactive protein (CRP) and hypoalbuminaemia, has consistently been reported as a marker of poor prognosis in primary operable colorectal cancer [192, 193].  The basis of this is not altogether clear, however a marked systemic inflammatory response is associated with important patient-related factors such as nutritional, functional and immunological decline.  In recent years many studies have investigated the most commonly used measures of the systemic inflammatory response and their potential use in stratifying cancer patients.  There is good evidence that markers of the acute phase response, particularly CRP and albumin, are both sensitive and reliable markers of systemic inflammation in patients with cancer [193].  It is also well established that the systemic inflammatory response is associated with alterations in circulating white blood cells, specifically the presence of neutrophilia with a relative lymphocytopaenia [186, 194].  Similar to CRP and albumin, haematological tests are carried out routinely for cancer patients in a variety of clinical scenarios, and as such represent an easily measurable objective parameter able to express the severity of the systemic inflammatory response in patients with cancer.   
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With regard to the acute phase response the last decade has seen the evolution of a prognostic scoring system, the Glasgow Prognostic Score (GPS) based on the combination of these acute phase proteins that provides objective, reliable prognostic information for both operable and inoperable cancers [195].  Further, this scoring system has been validated in a variety of clinical scenarios and is now recognised to have prognostic value, independent of tumour-based factors [195].   
The Glasgow Prognostic Score, first reported by Forrest et al. in patients with lung cancer has been reported to compare favourably with other methods of prognostication [196, 197].  The GPS is constructed as set out in below. ≥≤ 
Table 1.5 – The Glasgow Prognostic Score (GPS) [196]. 
The Glasgow Prognostic Score Variable Points Allocated C-Reactive Protein ≤10mg/l	  and	  Albumin	  ≥	  35g/l 0 C-Reactive Protein > 10mg/l  1 Albumin < 35g/l 1 C-Reactive Protein > 10mg/l and Albumin < 35g/l 2  While this scoring system appeared to offer useful independent prognostic value, further evaluation has resulted in modification of the score to take account of the finding that a score of 1 was most often due to an elevated CRP and less commonly due to hypoalbuminaemia, and that hypoalbuminaemia was not a reliable marker of poor prognosis in patients with colorectal cancer [192].  This modification was termed the modified Glasgow Prognostic Score (mGPS), as outlined below. 
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Table 1.6 – The modified Glasgow Prognostic Score (mGPS) [198]. 
The modified Glasgow Prognostic Score Variable Points Allocated C-Reactive Protein  ≤	  10mg/l	  and	  Albumin	  ≥	  35g/l 0 C-Reactive Protein > 10mg/l  1 C-Reactive Protein > 10mg/l and Albumin < 35g/l 2  In recent years, and in a similar way to the Glasgow Prognostic Score [195], many research groups have investigated the value of the haematological components of the systemic inflammatory response specifically for use in predicting outcome, and have reported that the individual components of the differential white cell count, specifically the neutrophil and lymphocyte counts, may have clinical utility in predicting survival [199].  The combination of these haematological components of the systemic inflammatory response, as the neutrophil–lymphocyte ratio (NLR), has been reported to have prognostic value in a variety of cancers [193, 200].  Indeed, Walsh et al., investigated the prognostic value of the neutrophil–lymphocyte ratio (NLR), in their centre, because CRP concentrations were not routinely performed as part of pre-treatment assessment [201].      
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– Studies of the prognostic value of the GPS/mGPS and NLR, in unselected 
cohorts of patients with cancer. Recent work has reported the prognostic value of the GPS/mGPS in a variety of solid organ malignancies [198, 202-204].  In addition, as with GPS/mGPS several studies have reported the value of the NLR in unselected cohorts of patients with cancer.  Five studies, comprising data on 31,915 patients, have reported the prognostic value of these markers of systemic inflammation in patients with cancer, Table 2.4 [198, 202-206].  In addition, direct comparison studies between well recognized markers of the systemic inflammatory response in cancer, notably CRP, albumin, and platelets and their combinations in the prognostic scores mGPS, NLR, derived NLR and PLR, have consistently reported that GPS/mGPS was a more powerful predictor of survival compared to other markers of the systemic inflammatory response including Neutrophil-Lymphocyte Ratio (NLR), and the Platelet-Lymphocyte Ratio (PLR) and that its predictive value was independent of tumour site [195].    Thus, there is evidence that the NLR has prognostic value in a variety of tumour types.  Despite this, there is inconsistency in the thresholds chosen across studies making a direct comparison between these two inflammatory scores difficult.  Although the NLR is associated with survival, other markers of the systemic inflammatory response, notably the GPS/mGPS, may be superior predictors of survival.  Indeed, a recent large cohort study (Glasgow Inflammation Outcome Study) reported that the mGPS had superior prognostic value over the NLR in differentiating good from poor prognostic groups in a variety of tumour types [203]. 
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More recently, the components of a number of systemic inflammation-based scores (neutrophils, lymphocytes, platelets, CRP and albumin) have been compared in a large unselected cohort of patients with cancer.  Of these components, only neutrophils, platelets, CRP and albumin, and not lymphocytes, were shown on multivariate survival analysis to have independent prognostic value [207].  These results may explain the reported superiority of the GPS over the NLR.         
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Table 1.7 - Studies of the Prognostic Value of the GPS/mGPS and NLR in Patients with Cancer. 
 Study Centre Tumour Site n HR (p-Value) Measure (mGPS/NLR) Comments Crumley [202] Glasgow (UK) Gastro-oesophageal 217 1.7 (<0.001) mGPS mGPS predicted survival independent  of tumour site/stage/treatment Proctor [203] Glasgow (UK) Various 8759 1.7 (<0.001) NLR (>5) mGPS predicted survival superior to NLR, PLR, PI, PNI and elevated NLR (>5) associated with reduced 5-year OS and DFS Azab[205] New York (USA) Breast 316 4.85 (<0.0001) NLR (>3.33) Elevated NLR associated with the elderly, large tumours, and more advanced stage Proctor [206] Glasgow (UK) Various 12,118 1.52 (<0.001) NLR (>4) NLR and dNLR were associated with reduced OS and DFS independent of age, sex and deprivation. NLR superior to dNLR Proctor[198] Glasgow (UK) Various 9608 1.9 (<0.001) mGPS mGPS predicted survival independent of tumour site Shafique[204] Glasgow (UK) Prostate 897 1.8 (<0.05) mGPS mGPS predicted survival superior to NLR 
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- Studies of the prognostic value of the GPS/mGPS and NLR in patients with 
operable cancer. With regard to operable cancer, sixty-two studies, comprising data on 20,759 patients in a variety of tumour types have reported the prognostic value of GPS/mGPS and NLR in patients with cancer including colorectal, gastric, oesophageal, pancreatic, liver, urological and gynaecological cancers (Table 2.5) [148, 190, 192, 201, 208-256].   Of note, fourteen studies have reported the prognostic value of GPS/mGPS in patients with operable colorectal cancer.  Importantly, these studies reported that GPS/mGPS prognostic value was independent of other well-recognised prognostic markers including tumour stage, pathological features and other measures of systemic inflammation.  In comparison, while ten studies report the prognostic value of the NLR and its association with overall and disease-free survival, only four report that NLR had independent prognostic value in patients with colorectal cancer [102, 201, 208-212, 215, 216, 227].  Interestingly, the threshold that defined an elevated NLR differed across these studies, with >5 being the most commonly used threshold (n = 16 studies).  In patients with operable cancer, NLR was consistently associated with other markers of systemic inflammation, in particular CRP and the modified Glasgow Prognostic Score (mGPS).  The relationship between the neutrophil–lymphocyte ratio and pathological features in colorectal cancer was inconsistent with only two studies reporting a significant direct association between the NLR and T-stage while associations with other tumoural factors including tumour size, differentiation and tumour location have been described.  
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In conclusion, the last decade has seen the accumulation of good evidence supporting associations between the GPS/mGPS, NLR and outcome in patients with operable disease, in particular gastrointestinal cancer.  However, while pre-operative NLR is associated with both disease-free and overall-survival in some studies there was a lack of consistent evidence for its value as an independent predictor of survival, particularly in early stage and less aggressive disease. Other markers of the systemic inflammatory response, in particular the mGPS, appear to have stronger prognostic value in these patients.     
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Table 1.8 - Studies of the prognostic value of the GPS/mGPS and NLR in patients with operable cancer. Study Centre Tumour Site n HR (p-value) Measure GPS/mGPS/NLR 
Comments 
McMillan [192] Glasgow (UK) Colorectal 316 1.7 (<0.001) mGPS mGPS predicted survival independent of stage Leitch [211] Glasgow (UK) Colorectal 233 2.1 (<0.001) mGPS mGPS predicted survival superior to WCC/lymphocytes Ishizuka [239] Tochigi (Japan) Colorectal 315 1.5 (<0.01) GPS GPS predicted survival independent of stage/treatment Crozier [240] Glasgow (UK) Colorectal 188 2.2 (<0.05) mGPS mGPS predicted independent of emergency presentation Roxburgh [148] Glasgow (UK) Colorectal 244 2.3 (<0.001) mGPS mGPS predicted survival independent of Petersen Index Moyes [241] Glasgow (UK) Colorectal 455 1.8 (<0.01) mGPS mGPS predicted post-operative infective complications Roxburgh [257] Glasgow (UK) Colorectal  287 2.7 (<0.001) mGPS mGPS predicted survival independent of tumour inflammatory infiltrate Ishizuka [242] Tochigi (Japan) Colorectal Liver 300 2.1 (<0.05) GPS GPS predicted survival independent of CLIP score Ishizuka [243] Tochigi (Japan) Colorectal 156 24.5 (<0.05) GPS GPS predicted survival in T1/T2 disease Kobayashi [244] Tokyo (Japan) Oesophageal 65 NR (<0.001) GPS GPS predicted survival independent of lymph node status Polterauer [255] Vienna (Austria) Cervical 244 NR (<0.05) GPS GPS predicted survival independent of FIGO stage Kobayashi [258] Tokyo (Japan) Colorectal Liver 63 3.1 (<0.01) GPS GPS predicted survival independent of number of liver metastases Knight [250] Manchester (UK) Pancreas 99 4.3 (<0.05) GPS GPS predicted post-operative morbidity 
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Richards [259] Glasgow (UK) Colorectal 320 1.8 (<0.001) mGPS mGPS predicted survival independent of POSSUM Nozoe [245] Koga (Japan) Gastric 232 4.1 (<0.001) mGPS mGPS predicted survival independent of tumour stage Moug [260] Kilmarnock (UK) Colorectal 206 1.6 (<0.05) mGPS mGPS predicted survival independent of LNR Roxburgh [261] Glasgow (UK) Colorectal 302 1.6 (<0.001) mGPS mGPS predicted survival independent of comorbidity indices Vashist [246] Hamburg (Germany) Oesophageal 112 3.0 (<0.001) GPS GPS predicted peri-operative morbidity and survival Ishizuka [253] Tochigi (Japan) Hepatocellular 300 2.1 (<0.05) GPS GPS predicted mortality independent of post-operative morbidity Dutta [247] Glasgow (UK) Oesophageal 112 4.3 (<0.001) mGPS mGPS predicted survival independent LNR, NLR and PLR Jamieson [251] Glasgow (UK) Pancreas 135 2.3 (<0.001) GPS GPS predicted survival independent margina status/ adjuvant therapy Ishizuka [254] Tochigi (Japan) Hepatocellular 398 2.5 (<0.05) GPS  GPS predicted survival independent of CLIPS score Lamb [256] Glasgow (UK) Renal 169 5.1 (<0.001) GPS  GPS predicted survival independent of established scoring systems La Torre [252] Rome (Italy) Pancreas 101 1.8 (<0.01) mGPS mGPS predicted survival independent of margin status and LNR Jamieson [262] Glasgow (UK) Pancreas 173 1.8 (<0.01) mGPS mGPS predicted survival independent of LNR Ishizuka [263] Tochigi (Japan) Colorectal 271 2.0 (<0.05) mGPS mGPS predicted survival in patients with normal CEA Dutta [248] Glasgow (UK) Gastric 120 2.2 (<0.01) mGPS mGPS predicted survival independent of LNR, NLR and PLR Jiang [249] Tokyo (Japan) Gastric 1710 1.8 (<0.01) mGPS mGPS predicted survival independent of TNM stage 
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Ding [208] Guangdong (China) Colorectal 141 4.88 (0.003) NLR Elevated NLR associated with reduced DFS and an independent prognostic factor and not associated with clinicopathological characteristics. Kwon [264] Busan (Korea) Colorectal 200 Non-significant NLR Elevated NLR associated with lower OS on univariate analysis only. NLR not associated with clinicopathological factors or stage of disease. Neal [210] Leicester (UK) Colorectal 202 2.05 (0.001) NLR NLR associated with postoperative morbidity and OS on univariate analysis. Walsh [201] Suffolk (UK) Colorectal 230 <0.001 NLR NLR >5 associated with OS and CS survival on univariate analysis. Leitch [211] Glasgow (UK) Colorectal 233 Non-significant  NLR NLR associated with other measures of systemic inflammation but not prognostic in primary operable disease. Mallappa [212] Harrow (UK) Colorectal 297 1.81 (0.028) NLR Elevated NLR independently associated with survival. Halazun [213] Leeds (UK) Colorectal 440 2.26 (<0.001) NLR Elevated NLR, age and number of metastases were independent prognostic factors. Gomez [214] Leeds (UK) Colorectal 501 1.3 (0.032) NLR Elevated NLR associated with recurrence. Hung [215] Tao-Yuan (Taiwan) Colorectal 1040 1.29 (0.012) NLR NLR associated with significantly worse OS (5yrs). NLR associated with advancing age (>65), T4b cancer, elevated CEA and tumour obstruction/perforation. NLR not associated with histological subtype, tumour size, 
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tumour grade.  Chiang [216] Linkou (Taiwan) Colorectal 3731 1.31 (0.013) NLR Elevated NLR was associated with clinicopathological factors associated and with outcome. Ubukata [217] Tokyo (Japan) Gastric 157 5.78 (<0.001) NLR NLR independently prognostic and associated with T-stage, tumour size, presence of lymph nodes, and pathological stage.  Aizawa [218] Kashiwa (Japan) Gastric 262 2.21 (0.012) NLR NLR was an independent prognostic factor. NLR increased in a T-stage dependent manner. Jung [219] Gwangju (Korea) Gastric 293 1.65 (0.019) NLR Elevated NLR significantly associated with OS and DFS in later stage gastric cancer. Elevated NLR associated with advanced T-stage, and larger tumour size.  Rashid [220] Derby (UK) Oesophageal 294 Non-significant NLR NLR not associated with tumour factors or with disease recurrence or survival. Wang [221] Guangzhou (China) Gastric 324 2.32 (0.014) NLR and GPS GPS more prognostic than NLR. Mohri [222] Tsu (Japan) Gastric 357 2.78 (<0.0001) NLR NLR independently associated with prognosis together with tumour size, advanced T-stage in relatively early stage gastric cancer. Shimada [223] Tokyo (Japan) Gastric 1028 1.85 (0.003) NLR NLR was an independent prognostic factor and increased in a t-stage dependent manner. Garcea [224] Leicester (UK) Pancreas 74 0.0057  NLR NLR significantly associated with recurrence, and was more prognostic than components alone. Bhatti [225] Derby (UK) Pancreas 84 1.78 NLR NLR reported an independent prognostic factor for 
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(0.023) survival and not associated with tumour characteristics. Smith [226] Liverpool (UK) Pancreas 110 <0.001 NLR No relationship between NLR and survival. Wang [221] Guangzhou (China) Pancreas 177 2.54 (0.006) NLR NLR independently associated with OS. Gomez [227] Leeds (UK) Cholangio-carcinoma 27 1.78 (0.008) NLR Elevated NLR associated with poorer DFS, and associated with larger tumours, intrahepatic satellite lesions, microvascular invasion and lymph node involvement. Kinoshita [228] Tokyo (Japan) Liver 150 <0.05 NLR, GPS Along with mGPS and GPS, NLR was associated with reduced OS. NLR not independently associated with OS. Motomura [265] Fukuoka (Japan) Liver 158 6.24 (0.0002) NLR Increasing NLR associated with HCC recurrence. Associated with other markers of systemic inflammation. Sakai [229] Aomori (Japan) Lung 23 Non-significant NLR NLR had no significant relationship with recurrence or survival. Sarraf  [230] London (UK) Lung 178 1.1 (0.004) NLR NLR associated with T-stage and was an independent predictor of outcome. Tomita [231] Miyazaki (Japan) Lung 284  <0.001 NLR NLR predicted significantly worse 5 yr. survival. NLR only independent risk factor. Tomita [232] Miyazaki (Japan) Lung 301  <0.001 NLR Combined use of NLR and CRP reported as independent prognostic factor. Hashimoto [233] Tokyo (Japan) Renal 84  NLR NLR associated with DFS. 
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0.026 Gondo [234] Tokyo (Japan) Bladder 189 1.95 (0.0387) NLR NLR independent predictor of prognosis. Ohno [235] Tokyo (Japan) Renal 192 2.16 (0.0259) NLR Pre-operative NLR associated with CRP. T-stage and elevated NLR were independent predictors of recurrence with decreased survival. Ohno [236] Tokyo (Japan) Renal 250 3.12 (0.0007) NLR Elevated NLR associated with DFS and was independent prognostic variable. Cho [237] Seoul (Korea) Ovary 192 8.4 (0.041) NLR Elevated NLR, advancing stage, and older age were independent prognostic factors. Idowu [238] Liverpool (UK) Sarcoma 223 5.13 (0.024) NLR NLR independently associated with OS and associated with worse DFS. 
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- Studies of the prognostic value of the GPS/mGPS and NLR in patients with 
operable cancer who received chemo-radiotherapy. There are a number of studies (n=23) reporting the prognostic value of GPS/mGPS and NLR in patients receiving chemo-radiotherapy for a variety of cancers including gastro-oesophageal [202, 244, 266-268], lung [197, 237, 269-272], hepatocellular [273], pancreatic [274].  Of particular note, there was good evidence from studies in patients with colorectal cancer that both mGPS and NLR have prognostic value in patients with advanced disease receiving chemotherapy [275-280], independent of tumour stage and adjuvant therapy.  Similar to patients with operable cancer, the thresholds used to define an elevated NLR are inconsistent while the mGPS thresholds remain constant across all studies.  In addition, both pre- and post-treatment NLR have been reported to be of prognostic value in patients with more advanced cancer who receive chemotherapy [268-272, 274-277, 281-283].  Interestingly, at least 3 studies reported that normalisation of the NLR post-treatment was associated with improved survival [270, 284].  Further, a combined scoring system using the NLR and the GPS was reported to be a strong predictor of overall survival [283].  Given the prognostic value of these markers of systemic inflammation and their additional value provided when combined it is suggested by some authors that use of the GPS/mGPS in conjunction with currently used clinical parameters may improve prediction of outcome for those patients undergoing adjuvant therapy, however further work remains to be done. 
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Table 1.9 - Studies of the prognostic value of the GPS/mGPS and NLR in patients who received chemo-radiotherapy. Study Centre Tumour Site n HR (p-value) Measure GPS/mGPS/NLR Comments Forrest [197] Glasgow (UK) Lung (NSCLC) 109 1.9 (<0.01) GPS GPS predicted survival independent of ECOG-ps/Platinum status Crumley [202] Glasgow (UK) Gastro-oesophageal 65 1.7 (<0.05) mGPS mGPS predicted survival independent of ECOG-ps/platinum therapy Kobayashi [244] Tokyo (Japan) Oesophageal 48 5.9 (<0.01) GPS GPS predicted toxicity in patients receiving neoadjuvant therapy Sharma [280] London/Sydney Colorectal 52 NR GPS GPS predicted toxicity and survival independent of stage/treatment Ishizuka [278] Tochigi (Japan) Colorectal 112 6.0 (<0.01) GPS GPS predicted survival in patients receiving adjuvant therapy Wang [266] Kaihsiung (Taiwan) Oesophageal 123 3.4 (<0.001) GPS GPS predicted survival in patients receiving radiotherapy Roxburgh [279] Glasgow (UK) Colon 348 3.2 (<0.01) mGPS mGPS predicted survival in patients receiving adjuvant therapy Chua [284] Sydney (Australia) Various 68 4.1 (<0.01) GPS GPS predicted survival in patients receiving docetaxel Hwang [267] Gwangui (South Korea) Gastric 402 1.8 (<0.01) GPS GPS predicted survival independent of performance status Morimoto [273] Yokohama (Japan) Hepatocellular 81 5.5 (<0.001) GPS GPS predicted survival in patients receiving sorafenib Gioulbasanis [285]  Heraklion (Greece) Lung 96 1.9 (<0.01) GPS GPS predicts toxicity and efficacy in platinum-based therapy Carruthers [275] Glasgow (UK) Rectal 115 4.1 (0.002) NLR Elevated NLR associated with OS and DFS Chua [276] Sydney (Australia) Appendiceal 174 NR (0.01) NLR Low NLR associated with improved survival Kishi [277] Texas (USA) CRC Liver Mets 290 2.22 (0.016) NLR Pre- and Post-Treatment NLR associated with survival Cedres [269] Barcelona (Spain) Lung 171 1.5 (0.015) NLR NLR associated with T- and N- Stage, OS and DFS 
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Kao [270] Concord (Australia) Lung 173 2.7 (<0.001) NLR Low NLR associated with improved survival Yao [271] Nanjing (China) Lung 182 1.81 (0.008) NLR Elevated NLR associated with poor OS and DFS Lee [281] Goyang (Korea) Lung 199 1.05 (0.051) NLR Pre- and Post- treatment NLR associated with disease progression Teramukai [272] Kyoto (Japan) Lung 388 1.48 (0.013) NLR Elevated NLR associated with poorer OS and DFS Aliustaoglu [268] Istanbul (Turkey) Gastric 168 NR (0.001) NLR Elevated NLR associated with OS An [274] Guandong (China) Pancreas 95 4.49 (0.013) NLR Elevated NLR associated with OS Keizman [282] Baltimore (USA) Renal  133 NR (<0.001) NLR NLR associated with OS and DFS Chua [283] Sydney (Australia) Various 68 2 (0.01) NLR Combined NLR/GPS score predicted OS 
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- Studies of the prognostic value of the prognostic value of the GPS/mGPS 
and NLR in patients with inoperable cancer. There was good evidence across a range of tumour types that both GPS/mGPS and NLR provide reliable prognostic value in patients with inoperable cancer.  With regard to the Glasgow Prognostic Score there was evidence from studies in lung [286-288], breast [191], gastro-oesophageal [289], hepatocellular and pancreatic [290, 291], renal and ovarian cancer [292, 293]. Similarly, several reports described the value of the NLR in predicting outcome in this patient group [294-298].  Of particular note two studies were in advanced colorectal cancer and both reported an association between elevated NLR and poorer survival in advanced colorectal cancer.    In conclusion, in patients with advanced, inoperable disease the GPS/mGPS and NLR reliably predict poorer survival. Despite the recognition that GPS/mGPS and NLR are reliable markers of poor prognosis in advanced disease what remains unclear is how this information can best be used in a clinical setting and further work on the clinical utility of these scores and in particular, the value of mGPS in patients with colorectal cancer is required. 
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Table 1.10 – Studies of the Prognostic Value of GPS/mGPS and NLR in patients with inoperable cancer. Study Centre Tumour Site n HR (p-value) Measure GPS/mGPS/NLR Comments Forrest [286] Glasgow (UK) Lung 109 1.7 (<0.001) GPS GPS predicted survival independent of ECPG-ps/stage/treatment Al-Murri [191] Glasgow (UK) Breast 96 2.3 (<0.001 GPS GPS predicted survival independent of stage/treatment Crumley [289] Glasgow (UK) Gastro-oesophageal 258 1.5 (<0.001) GPS GPS predicted survival independent of stage/treatment Glen [290] Glasgow (UK) Pancreas 187 1.7 (<0.001) GPS GPS predicted survival independent of stage Read [299] Sydney (Australia) Colorectal 84 2.3 (<0.05) GPS GPS predicted survival independent of stage/treatment Ramsey  [293] Glasgow (UK) Renal 119 2.4 (<0.001) GPS GPS predicted survival independent of scoring systems Sharma [292] Sydney (Australia) Ovarian 154 1.7 (<0.01) GPS GPS predicted survival independent of stage/treatment Pinato [287] London (UK) Lung 171 2.6 (<0.001) mGPS mGPS predicted survival independent of NLR and EPS Leung [288] Glasgow (UK) Lung 261 1.7 (<0.001) mGPS mGPS predicted survival independent of ECOG-ps/stage/treatment Pinato [291] London (UK) Hepatocellular 578 2.7 (<0.01) GPS GPS predicted survival in training and validation datasets Partridge [300] Edinburgh (UK) 5-sites 102 2.7 (<0.01) mGPS mGPS predicted survival independent of tumour site in palliative care Kaneko [294] Tokyo (Japan) Colorectal 50 4.39 (0.0013) NLR NLR independently associated with hypoalbuminaemia, OS, DFS Chua [283] Sydney (Australia) Colorectal 349 1.6 (0.01) NLR NLR independent predictor of OS McNally  [295] Ohio (USA) Hepatocellular 103 NR (0.021) NLR NLR independent predictor of OS Huang [296] Guangzhou (China) Hepatocellular 145 NR (0.041) NLR NLR independently associated with poor survival Jeong [297] Seoul (Korea) Gastric 104 NR (0.037) NLR/mGPS Elevated and mGPS independently prognostic. Wang [298] Dalian (China) Variety 497 1.35 (0.014) NLR Elevated NLR associated with survival. 
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- Studies of the prognostic value of the NLR in patients with operable 
cancer who received neoadjuvant therapy While there are reports regarding the prognostic value of the NLR in patients undergoing neoadjuvant treatment prior to resection, there are no reports of the prognostic value of the mGPS in this group of patients.  Six studies, comprising data on 1044 patients have reported the prognostic value of the NLR in patients who received neo-adjuvant therapy and subsequently underwent cancer resection [301-306].  Among these studies it was consistently reported that elevated NLR was associated with increased recurrence and death in patients with hepatocellular cancer [301, 302, 306]. Although the thresholds for an elevated NLR differed in one of these studies, it was consistently reported that elevated NLR was an independent predictor of both disease-free and overall survival in patients with hepatocellular cancer.  Interestingly, two of these studies reported a significant relationship between NLR and microvascular invasion in HCC.  In addition, studies of patients with oesophageal cancer receiving neoadjuvant treatment have reported the prognostic value of the NLR [303-305].  In patients receiving neoadjuvant chemotherapy followed by resection it was reported that elevated NLR was associated with survival.  Interestingly, while the study by Sato and colleagues reports an independent association between the NLR and pathological response to treatment, the study by Sharaiha and colleagues reports no association between the NLR and response to treatment.  However, both these studies reported an association between elevated NLR and poor prognosis with Sharaiha and colleagues reporting elevated NLR as an independent prognostic factor regardless of tumour type [305].  
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In conclusion, in patients receiving neoadjuvant chemotherapy followed by surgery it is consistently reported that NLR predicts recurrence and overall survival. Interestingly, there was inconsistency with regard to the ability of the NLR to predict pathological response to treatment in this group of patients. 
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Table 1.11 - Studies of the prognostic value of the NLR in patients with operable cancer who received neoadjuvant therapy. Study Centre Tumour Site n HR (p-value) Threshold Comments Wang [306] Guangdong (China) HCC 101 2.65 (<0.001) NLR Elevated NLR independently associated with poor DFS.  Halazun [301] New York (USA) Liver 150 19.99 (0.005) NLR Elevated NLR associated with increased risk of recurrence and death. Bertuzzo [302] Bologna (Italy) Liver 219 19.14 (<0.001) NLR Elevated NLR associated with lower OS. Elevated NLR and MVI negatively affected DFS. Elevated NLR and MVI were independent prognostic factors. Sato [303] Shizuoka (Japan) Oesophageal 83 2.83 (0.043) NLR NLR associated with pathological response to neoadjuvant chemotherapy. Miyata [304] Osaka (Japan) Oesophageal 152 - Non-significant 
NLR Elevated NLR associated with survival but not independently prognostic. 
Sharaiha [305] New York (USA) Oesophageal 339 2.26 (<0.001) NLR Elevated NLR associated with worse DFS and OS independent of tumour type. 
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- Relationships between clinicopathological factors and GPS/mGPS and 
NLR in patients with cancer. A plethora of clinicopathological factors are reported to be important in patients with cancer.  Therefore, studies examining the prognostic value of markers of the systemic inflammatory response have reported on the associations between several pathological variables and GPS/mGPS and NLR.  Several tumour factors have been associated with GPS/mGPS including T-stage, tumour necrosis and angiogenesis [171, 195, 307].  In addition, several studies report a strong association between cancer cachexia and an elevated systemic inflammatory response with at least seven studies reporting an association between nutritional status, cancer cachexia and GPS/mGPS [307-313].  Interestingly, elevated GPS/mGPS has been reported to be associated with both haematological and biochemical changes in patients with cancer [314], including stage dependent alterations in cytokine concentrations [315, 316].  Several studies have reported factors associated with an elevated NLR.  In patients with breast cancer elevated NLR has been associated with advancing age, larger tumours, and stage of disease [205].  Further, increasing tumour stage was also associated with elevated NLR in patients with operable cancers, namely colorectal, gastro-oesophageal, hepatocellular, lung [201, 208, 217, 228, 230].  In addition, factors that represent more aggressive tumour behaviour, such as increased tumour size, microvascular and lymphatic invasion, lymph node involvement, number of metastatic lesions and elevated CEA concentrations, were associated with elevated NLR [213, 215-217].   
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Conversely, a number of studies failed to report a relationship between NLR and tumour characteristics [209].  Only one study in patients receiving chemotherapy (either neoadjuvant or combined chemotherapy/radiotherapy) has reported that NLR was associated with T-stage and nodal status but not with number of metastatic lesions, performance status, type of chemotherapy or use of glucocorticoid medication [269]. Further, only a single study in inoperable cancer examined factors associated with NLR and reported that NLR > 3 was associated with increased tumour stage, tumour type, increasing age, and female gender, but not lymph node metastasis or high CEA or alkaline phosphatase concentrations [298]. 
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- 1.10.2.4 - Summary 
The hypothesis that markers of the systemic inflammatory response, both in the form of the GPS/mGPS and NLR, reliably predict survival in patients with malignancy is one that has garnered considerable interest in the last decade. Many groups have investigated the prognostic value of the NLR in a variety of tumours and at differing stages of disease.  While these observations may be of clinical importance, it is important to note that with regard to NLR that there is considerable heterogeneity in the thresholds used to determine an elevated NLR across studies and a variety of thresholds have been reported both in operable disease, in those receiving chemotherapy, and in inoperable disease. The heterogeneity of the thresholds used makes a conclusion regarding the clinical utility of the NLR somewhat difficult and further work utilising the most common threshold of >5 should be considered in an attempt to refine whether this simple measure of the systemic inflammatory response is reliable as a prognostic marker in the clinical setting.  Despite this, and the heterogeneous groups of cancer patients within which these relationships have been examined, a consistent finding is that NLR may reflect a more advanced stage of disease with potentially more aggressive tumour behavior, while GPS/mGPS may offer more robust, superior prognostic value in early stage disease, for example, in colorectal cancer only four of eleven studies reported NLR as independently prognostic.  In addition, it appears that the NLR is more consistently independently prognostic in patients with upper gastrointestinal malignancy, a group of solid organ malignancies that tend to present at a later stage with more advanced features.  
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The clinical utility of such a finding has great importance, as the ability to determine more accurately which patients should receive treatments for advanced disease, such as chemotherapy is important for both quality of life and survival as reported in recent study by Temel et al. [317]. However, the literature regarding post-treatment measurement of the NLR appears limited and inconsistent and therefore further longitudinal studies of the prognostic value of the NLR are warranted.  Given the observation, that NLR is more consistently prognostic in more advanced states such as those patients requiring chemotherapy or who have inoperable disease compared to the GPS/mGPS.  This may be particularly relevant given the expected stage shift occurring with colorectal cancer to that of earlier stage disease as a result of colorectal cancer screening.  Further, it is therefore reasonable to propose that NLR could be used as a biomarker in patients who require adjunctive treatment or who do not appear clinically to be suitable for surgical intervention and would therefore be useful in the improved stratification of patients with cancer.  Interestingly, recent work has proposed that the combination of measures of the systemic inflammatory response may be a powerful predictor of outcome in cancer. At least one study has proposed the use of a combined score using the NLR and markers of the acute phase response and reported that it has improved value in patients with cancer.  Further, a recent large prospective cohort study has reported the use of a combined biomarker score that has prognostic value in patients with cancer [317].  
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Therefore, further studies are required to investigate the prognostic value of such a combined score using established routinely measured prognostic markers of the systemic inflammatory response, namely C-reactive protein, albumin, neutrophil and lymphocyte counts. 
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2.0 – SUMMARY AND AIMS 2.1 Summary Colorectal cancer is the third most common cancer in males and females in the UK and, despite advances in treatment it remains the second most common cancer death in both men and women.  It is anticipated that the introduction and development of colorectal cancer screening will result in a significant stage-shift in the pattern of presentation of the disease to increasing numbers of patients with node-negative colorectal cancer.  This has significant implications in the clinical arena, as stratification of patients to the ever-increasing armoury of treatments will become increasingly challenging. Therefore, the development of reliable prognostic indices is key to the evolution of high quality patient care.   
While	  pathological	  criteria	  including	  the	  Dukes’	  classification	  and	  more	  recently	  the AJCC TNM system have been used to provide prognostic information there is an increasing need for improved prognostication.  There is now good evidence that cancer progression and survival is determined by a range of factors.  In particular, it has become increasingly clear that systemic and local inflammatory responses are key determinants of progression and outcome in patients with colorectal cancer.  There is now a significant body of evidence reporting the importance of the systemic inflammatory response measured as both alterations in the acute phase proteins including CRP and albumin, and alterations in haematological markers of systemic inflammation including circulating neutrophils, lymphocytes and platelets and their combination in a variety of scoring systems.    
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The most widely documented prognostic scores that have been developed and refined taking into account the importance of the systemic inflammatory response are the modified Glasgow Prognostic Score and the Neutrophil-Lymphocyte Ratio.     While the evidence of the prognostic value of these scoring systems has increased significantly in recent years, their routine use in clinical practice remains elusive.  The clinical utility of such systemic inflammation-based prognostic scores would be enhanced if they were shown to have prognostic value over time and after therapeutic intervention. This would provide the basis of interventions directed at systemic inflammation, maintaining low levels of systemic inflammation and active surveillance, following resection of colorectal cancer.  No study has directly compared the longitudinal measurement of the mGPS and NLR in patients with colorectal cancer.   There is good evidence that the local inflammatory response plays a key role in determining progression and survival.  While the Klintrup-Makinen criteria has been reported to have prognostic value in patients with colorectal cancer and has been validated in numerous cohorts of patients with colorectal cancer it is not used in routine clinical practice and conventional staging methods remain the accepted paradigm. The reasons that this semi-quantitative method of examining the local inflammatory response are not routinely used in clinical practice include: 1) The complexity and lack of reproducibility of scoring the inflammatory cell infiltrate caused by differences in immunohistochemical staining methods between different units;  
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2) The different cell types present and importantly, 3) The subjectivity of assessing the tumour inflammatory cell infiltrate.  Therefore a reliable and accurate measure of the tumour inflammatory cell infiltrate may be useful in the refinement of staging the host inflammatory response in clinical pathological practice.     The development of image analysis software that is capable of point-scoring inflammatory cells could provide a reliable and accurate measure of the tumour inflammatory cell infiltrate that may be useful in the refinement of staging the host inflammatory response in clinical pathological practice. This modality could offer a method of standardizing the assessment of the local inflammatory cell infiltrate in patients with colorectal cancer.   Further, the mechanisms underlying the interaction between systemic and local inflammatory processes are likely to be very complex and are not well understood.   It has become increasingly recognized that these process may 
interact	   and	   impact	   on	   the	   host’s	   response	   to	   cancer	   by	   way	   of	   an	   altered	  immune response.  The modulation of this host immune response to cancer is key to progression and outcome and as such a link between these key inflammatory processes may provide both useful prognostic information to allow better stratification of patients to treatments, and provide novel therapeutic targets.  Recent work has implicated tumour necrosis as a link between the systemic and local inflammatory responses, however its lack of independent prognostic value has led some authors to hypothesise that these two processes may be linked at a molecular level.   
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Key	  to	  this	  hypothesis	  is	  the	  observation	  that	  that	  the	  ‘dirty’	  cell	  death	  observed	  in tumour necrosis may stimulate inflammatory pathways including the pro-inflammatory cytokines that are known to be crucial in the induction and maintenance of systemic inflammatory responses and have been implicated in modulating immune cell responses.    A plausible mediator in this pathway is the IL-6 signalling pathway.  To date, no studies have examined the hypothesis that Interleukin-6 may provide a link between tumour necrosis and the systemic and local inflammatory responses in patients with colorectal cancer and merits further examination.  In addition downstream signaling pathways have also been strongly implicated in a mechanistic explanation for the induction, maintenance and interaction between these inflammatory processes.  No studies have assessed these downstream signaling pathways including the IL-6 trans-signalling pathway in the context of associations with tumour necrosis and systemic and local inflammatory responses in patients with colorectal cancer.           
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2.2 – Aims To examine the areas of uncertainty detailed above, in patients undergoing potentially curative resection of colorectal cancer, the following studies were carried out:  1. To investigate the prognostic value of longitudinal measurements of systemic inflammation in patients undergoing curative resection for colorectal cancer.  2. To develop an automated scoring method to enable consistent and reproducible assessment of tumour inflammatory infiltrates in colorectal cancer.  3. To evaluate the evidence for the role of Interleukin-6 in linking tumour necrosis and systemic and local inflammatory responses in patients with colorectal cancer.  4. To examine whether circulating mediators, in particular IL-6, may be a link between tumour necrosis and local and systemic inflammatory responses in patients undergoing curative resection for colorectal cancer.  5. To examine the role the soluble IL-6 receptor/gp130 trans-signalling pathway may play in linking tumour necrosis, local and systemic inflammatory responses in patients with colorectal cancer. 
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3.0 – COMPARISON OF THE PROGNOSTIC VALUE OF LONGITUDINAL 
MEASUREMENTS OF SYSTEMIC INFLAMMATION IN PATIENTS UNDERGOING 
CURATIVE RESECTION OF COLORECTAL CANCER. 
- 3.1 – Introduction As described in Chapter 2 many studies have shown that the host response in the form of systemic inflammation is a key factor in determining outcomes in colorectal cancer, and as such the measurement of various circulating markers of systemic inflammation are useful in predicting survival.  Indeed, it has been shown that a simple objective scoring system, that is, the modified Glasgow Prognostic Score, which measures systemic inflammation using CRP and albumin, is effective at predicting overall and cancer-specific survival in a variety of solid organ malignancies including colorectal cancer [195].  Similarly, it has become clear that the systemic inflammatory response results in changes in circulating white blood cells, and that components of the full blood count, in particular the neutrophil-lymphocyte ratio (NLR), also are useful in predicting overall and cancer-specific survival in a variety of solid organ malignancies, including colorectal cancer as described in chapter one.  Recently, these systemic inflammation-based prognostic scores, mGPS and NLR were compared in a large cross-sectional cohort of unselected patients with cancer[203]; however, to our knowledge, there has been no direct comparison of the longitudinal measurement of the mGPS and NLR in patients with colorectal cancer.  
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The clinical utility of such systemic inflammation-based prognostic scores would be enhanced if they were shown to have prognostic value over time and after therapeutic intervention.  This would provide the basis of interventions directed at systemic inflammation, maintaining low levels of systemic inflammation and active surveillance, following resection of colorectal cancer.  Therefore the aim of the present study was to compare the prognostic value of longitudinal measurements of systemic inflammation in patients undergoing curative resection of colorectal cancer. 
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- 3.2 – Patients and Methods Patients with histologically proven colorectal cancer who, on the basis of laparotomy findings and pre-operative abdominal computed tomography, were considered to have undergone potentially curative resection between 2006 and 2010 in a single surgical unit at Glasgow Royal Infirmary were included in the study.  The patients were identified from a prospectively maintained database and included both elective and emergency resections.  Exclusion criteria were: clinical evidence of active infection, presence of a chronic inflammatory condition, and death within 30 days of surgery.  Tumours were staged using the conventional tumour, node, metastasis (TNM) staging system, 7th Edition, 2010 [318].  Longitudinal measurements of a differential white cell count, neutrophil and lymphocyte counts, CRP and albumin were recorded before surgery and between 3- and 6- months (median 3.5 months) following surgery.  The mGPS was constructed using CRP and albumin using previously described thresholds[195].  A score of 2 was allocated to those patients with both elevated CRP (>10mg/l-1) and hypoalbuminaemia (<35g-1), those with only an elevated CRP (>10mg/l-1) were allocated a score of 1, whereas those with normal CRP (<10mg/l-1) were allocated a score of 0.  The NLR was constructed using previously documented thresholds.  Briefly, NLR was determined by dividing the absolute neutrophil count by the absolute lymphocyte count: the NLR was then dichotomized using the most commonly used threshold: <5:1 = low = 0, >5:1 = high = 1.   
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Date and cause of death was crosschecked with the data held by the National Cancer Registry and the Registrar General (Scotland), and 1st December 2011 served as the censor date.  Cancer-specific and overall survival was calculated from the date of post-operative blood sample until the date of death.  The prognostic value of the pre-operative measure of the systemic inflammatory response was assessed using survival calculated from the date of the pre-operative blood test until date of death.  While the prognostic value of the post-operative measure of the systemic inflammatory response was assessed using survival calculated from the date of the post-operative blood test until the date of death.  Univariate survival analysis was carried out using the Kaplan-Meier method with the log-rank test and associations between categorical variables examined using the χ2 test for linear trend.  The Wilcoxon Rank test was used to test the related samples pre-operative mGPS and post-operative mGPS, and pre-operative NLR and post-operative NLR.  Cox proportional hazard regression was used to calculate hazard ratio (HR) and 95% confidence intervals (95% CI). A p-value of <0.05 was considered to be significant.  Analysis was performed using SPSS software version 19 (SPSS Inc., Chicago, IL, USA).  The study was approved by the Research and Ethics Committee, Glasgow Royal Infirmary.
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- 3.3 - Results Three hundred and twenty-six patients undergoing potentially curative resection for colorectal cancer were identified from a prospectively maintained database and studied. Two patients had metatstatic disease, however they underwent attempted surgery with curative intent and therefore were included with the analysis. Full biochemical and haematological data both pre- and post-operatively were available for 206 patients. The patient characteristics of those patients with longitudinal measurements were not significantly different to those without (data not shown).  The baseline characteristics of patients for whom full pre- and post-operative biochemical and haematological data were available are shown in Table 3.1.  One hundred and twenty-nine (63%) patients underwent surgery for colonic tumours, while 77 (37%) had surgery for rectal tumours. The majority of patients were more than 65 years old (64%) were male (58%), had TNM stage I/II disease, and were carried out electively. Fifty-eight (28%) patients received adjuvant therapy following resection of the primary tumour.  Twenty-five patients received neoadjuvant therapy. While pre- (p<0.005) and post- operative (p<0.001) NLR were associated with administration of neoadjuvant therapy, there was no association between pre- or post-operative mGPS.         
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The majority of patients (91%) included in the present study were elective resections.  Emergency presentation was significantly associated with a higher pre-operative mGPS (p<0.001), while pre-operative NLR was not (p=0.116). However, in the present, relatively small study, mode of presentation itself was not significantly associated with cancer-specific survival and was not significantly associated with either post-operative mGPS or NLR.    With regard to more traditional predictors of poor outcome neither pre- or post-operative mGPS, nor pre- or post-operative NLR were associated with TNM stage while only pre-operative NLR (p<0.05) and post-operative mGPS (p<0.05) were associated with margin status.  In the 206 patients with longitudinal measurements, 74 (36%) patients had an elevated mGPS, pre-operatively.  Following resection, 66 patients (32%) had an elevated mGPS.  With regard to the NLR 46 (22%) had an elevated NLR pre-operatively while 36 (18%) had an elevated NLR post-operatively.  Analysis of the relationship between the pre- and post-operative samples using the Wilcoxon Rank Test, showed no significant difference between both the pre- and post-operative mGPS, and the pre- and post-operative NLR (Table 3.2, both p > 0.10).      
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Of the 132 patients with an mGPS of 0 pre-operatively, 98 (74%) had an mGPS of 0 on follow-up, 9 (7%) had an mGPS of 1 on follow-up, while 25 (19%) had an mGPS of 2 on follow-up.  Of the 33 patients with an mGPS of 1 pre-operatively, 20 (61%) had an mGPS of 0 on follow-up, 3 (9%) patients had an mGPS of 1 on follow-up, while 10 (30%) had an mGPS of 2 on follow-up.  Of the 41 patients with an mGPS of 2 pre-operatively, 22 (54%) had an mGPS of 0 on follow-up, 6 (15%) had an mGPS of 1 on follow-up, while 13 (32%) had an mGPS of 2 on follow-up.  Of the 161 patients with an NLR of 0 pre-operatively, 139 (86%) had an NLR of 0 on follow-up, while 22 (14%) patients had an NLR of 1 on follow-up. Of the 45 patients with an NLR of 1 pre-operatively, 31 (69%) patients had an NLR of 0 on follow-up, while 14 (31%) had an NLR of 1 on follow-up.   Similarly, there was no significant difference between both the pre- and post-operative mGPS and the pre- and post-operative NLR in patients with node negative disease (both p>0.10).   The relationship between clinico-pathological characteristics and survival in patients undergoing potentially curative resection for colorectal cancer are shown in Table 3.2.  In the present study the minimum follow-up period was 12 months and the median follow-up period of those who remained alive was 36 months (range 12-71) months.  On follow-up, 41 patients died, of which 29 patients died of colorectal cancer and 12 from other causes.  No patients were lost to follow-up.    
 98 
On univariate survival analysis in 206 patients, T-stage (p < 0.001), TNM stage (p = 0.005), pre-operative mGPS (p < 0.05, Figure 3.1a) and NLR (p < 0.05, Figure 3.1b) were significantly associated with cancer-specific survival.  Similarly, on univariate survival analysis post-operative mGPS (p < 0.001, Figure 3.2a) and NLR (p < 0.005, Figure 3.2b) were both significantly associated with cancer-specific survival.   On multivariate survival analysis, comparing pre-operative mGPS and NLR, both pre-operative mGPS (HR 1.97, C.I. 1.16-3.34, p <0.05) and NLR (HR 3.07, C.I. 1.23-7.63, p <0.05) were independently associated with reduced cancer-specific survival (mGPS, and NLR).  When the same multivariate comparison was carried out on post-operative measurements, only the post-operative mGPS was independently associated with cancer-specific survival (HR 4.81, C.I. 2.13-10.83, p < 0.001).  On univariate survival analysis in 117 node negative patients, only pre-operative mGPS (p < 0.05) was associated with cancer-specific survival. On univariate analysis using date of post-operative sample to date of death only post-operative mGPS (p < 0.001) was significantly associated with cancer-specific survival. 
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- 3.4 – Discussion In the present study, we report, for the first time, a longitudinal comparison of systemic inflammation-based prognostic scores in patients with colorectal cancer.  The results are consistent with previous studies that have reported the prognostic value of the pre-operative assessment of mGPS and the NLR.  Further, the post-operative assessments (3-6 months) also had prognostic value in patients with colorectal cancer.  Therefore, it is clear that the persistent elevation of the systemic inflammatory response, before and following resection of colorectal cancer, is associated with poor survival.  Taken together, there is clearly a role for the routine monitoring of the systemic inflammatory response in patients undergoing potentially curative resection of colorectal cancer.  In the present study, it was of interest that the systemic inflammatory response, whether measured using the mGPS or NLR, was not subject to significant overall change from the pre- to post- operative period.  The majority of patients, before surgery, had no evidence of a systemic inflammatory response.  In these patients, the majority remained systemically non-inflamed following surgery.  Of the patients who had evidence of a systemic inflammatory response before surgery, a small proportion became systemically non-inflamed following resection of the primary tumour.  The consequence of these changes may be that the post-operative measurement of the systemic inflammatory response better predicts outcome. Indeed, these results are consistent with previous studies that reported the prognostic value of CRP alone, both pre- and post-operatively. [188, 190].  When the post-operative mGPS and NLR were compared, it was clear that the mGPS had superior prognostic value.  Further studies are warranted. 
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Recently, it has been reported that the NLR was associated with a higher mortality in patients with coronary artery disease [319].  Given that this is a major cause of non-cancer death, it is possible that some of the patients in the present study died of coronary artery disease.  However, the small numbers of non-cancer deaths in the present study precluded meaningful statistical analysis.   In the present study, we assessed the prognostic value of longitudinal measurements of systemic inflammation in patients undergoing curative resection of colorectal cancer.  Although there is good evidence that presence of the systemic inflammatory response, evidenced by mGPS or NLR, is associated with poorer outcomes in patients with cancer [195], the mechanism underlying persistent activation of the systemic inflammatory response in patients who have undergone resection of the primary tumour remains unclear.  It may be secondary to chronic dysregulation of immune and inflammatory responses owing to activation by micrometastatic disease or non-malignant disease invoking tissue injury/necrosis.  Plausible mediators of these immune and inflammatory responses are the pro-inflammatory cytokines that have been reported to be present at elevated concentrations in the circulation of patients with colorectal cancer [316].  In particular, the pleiotropic pro-inflammatory cytokine interleukin-6, upregulated by tissue injury/necrosis and inflammatory cells such as macrophages, have the ability to activate and maintain the systemic inflammatory response through trans-signalling pathways involving the soluble IL-6 receptor [195].   
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The reasons for those patients with persistently activated systemic inflammatory responses having worse prognosis is becoming increasingly clear.  In addition to the recognized detrimental effect on nutritional and functional status[195] , there is increasing evidence that an elevated systemic inflammatory response is dysregulated, in particular with upregulation of innate immune responses and downregulation of adaptive immune responses promoting tumour dissemination and progression [193].  In summary, the results of the present study support the longitudinal assessment of the systemic inflammatory response, in particular using the mGPS, in patients undergoing potentially curative resection for colorectal cancer.  Further work using serial measurements of markers of systemic inflammation following resection may add further weight to the hypothesis that such markers of systemic inflammation may be useful in predicting survival. 
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Figure 3.1 – The relationship between pre-operative assessment of systemic inflammation as evidenced by mGPS (a) and NLR (b) and cancer specific survival in patients undergoing potentially curative resection of colorectal cancer. 
No. at risk  
 0 12 24 36 48 mGPS 0 132 125 86 54 32 mGPS 1 33 32 23 15 11 mGPS2 41 38 29 21 13 
No. at risk  
 0 12 24 36 48 NLR <5 161 151 111 75 43 NLR >5 45 44 27 15 13 
 b) 
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Figure 3.2 – The relationship between post-operative assessment of systemic inflammation as evidence by mGPS (a) and NLR (b) and cancer specific survival in patients undergoing potentially curative resection of colorectal cancer.
No. at risk  
 0 12 24 36 48 mGPS 0 140 120 90 59 39 mGPS 1 18 15 10 3 2 mGPS2 48 32 20 12 9 
No. at risk  
 0 12 24 36 48 NLR <5 170 141 102 65 46 NLR >5 36 26 18 9 4 
a) b) 
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Table 3.1 - Baseline clinicopathological characteristics of patients undergoing potentially curative resection for colorectal cancer.  No. of Patients (n = 206) 
Age <65/65-74/>75  74 (36%)/79 (38%)/53 (26%) 
Sex Male/Female  120 (58%)/86 (42%) 
Presentation Elective/Emergency  187 (91%)/ 19 (9%) 
Site Colon/Rectum  129 (63%) 77 (37%) 
T-stage T1 T2 T3 T4 
                   
TNM stage I II III IV  
 32 (16%) 85 (41%) 87 (42%) 2 (1%) 
Adjuvant Chemotherapy No/Yes  148(72%)/58(28%) 
Measurement of Systemic 
Inflammatory Response (TNMI-IV) 
Pre-operative (n = 206) Post-operative ( n = 206)  p-Value* 
mGPS 0 1 2 
 132 (64%) 33 (16%) 41 (20%) 
 140 (68%) 18 (9%) 48 (23%) 
 p = 0.926 
NLR 0 (<5) 1 (>5)  161 (78%) 45 (22%)  170 (82%) 36 (18%)  p = 0.216 
Measurement of Systemic 
Inflammatory Response (TNM I/II) 
Pre-operative (n = 117) Post-operative (n = 117)  
mGPS 0 1 2 
 74 (63%) 17 (15%) 26 (22%) 
 82 (70%) 10 (9%) 25 (21%) 
 p = 0.427 
NLR 0 (<5) 1 (>5)   90 (77%) 27 (23%)  93 (79%) 24 (21%)  p = 0.577 *Wilcoxon Rank Test 
Colon 8 (4%) 12 (6%) 63(31%) 46(22%) 
Rectum 6 (3%) 9 (4%) 49 (24%) 12 (6%) 
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Table 3.2 – The relationship between clinicopathological characteristics and survival in patients undergoing potentially curative resection for colorectal cancer.   All patients (n=206) Node negative (n = 117)  Cancer-Specific Survival Cancer-Specific Survival Univariate Analysis Univariate Analysis HR 95% CI p-Value HR 95% CI p-Value Age (<65/ 65-74/ >75) 0.79 0.49-1.27 0.330 0.10 0.24-1.14 0.101 Gender (Male/ Female) 1.24 0.58-2.63 0.570 4.23 0.92-19.41 0.064 Site (Colon/ Rectum) 1.03 0.49-2.19   0.930 1.55 0.49-4.80 0.450 T-stage (T1/ T2/ T3/ T4) 2.75 0.49-5.07   0.001 1.69 0.77-3.70 0.190 TNM Stage I/ II/ III/ IV 2.31 1.28-4.17 0.005 4.13 0.53-32.08 0.180 Pre-operative mGPS (0/ 1/ 2) 1.94 1.17-3.21 0.010 2.57 1.10-5.96 0.028 Pre-operative NLR (<5/ >5)  3.28 1.36-7.93 0.008 2.08 0.62-2.09 0.233        Post-operative mGPS (0/ 1/ 2) 3.31 2.15-5.09 <0.001 4.81 2.13-10.83   <0.001 Post-operative NLR (<5/ >5) 3.07 1.42-6.62 0.004 3.10 0.98-9.84 0.054 
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4.0 – COMPARISON OF VISUAL AND AUTOMATED ASSESSMENT OF TUMOUR 
INFLAMMATORY INFILTRATES IN PATIENTS WITH COLORECTAL CANCER. 
- 4.1 - Introduction 
As described in Chapter one it has become increasingly clear that local inflammatory responses are a key determinant of progression and survival in patients with colorectal cancer [183].  There is consistent evidence that the presence of a high-grade local inflammatory cell infiltrate both within the tumour and in the immediate microenvironment predicts survival independent of tumour stage in colorectal cancer [181-183].  Many studies have reported that increasing density of inflammatory cells in and around the tumour is associated with improved outcome in patients with colorectal cancer and this is thought to represent the host anti-tumour response [183].  Further, there is good evidence that the immune classification of tumours has independent and superior prognostic value when compared to traditional staging methods [182]. 
 Despite the strong evidence supporting the prognostic value of inflammatory cell infiltrates, and the existence of well-described methods for the semi-quantitative assessment of inflammatory cell infiltration, [181, 182], the extent of the local inflammatory cell infiltrate is not routinely considered in clinical practice and conventional staging systems such as TNM stage remain the mainstay in clinical practice.  
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Reasons for this include the complexity and lack of reproducibility of scoring the inflammatory cell infiltrate caused by differences in immunohistochemical staining methods between different units, the different cell types present and importantly, the subjectivity of assessing the tumour inflammatory cell infiltrate.  Therefore a reliable and accurate measure of the tumour inflammatory cell infiltrate may be useful in the refinement of staging the host inflammatory response in clinical pathological practice.  
 There is now image analysis software capable of point-scoring cells in routinely processed H&E tumour sections. Recent studies have reported that computer-aided analysis has significant advantages over manual scoring methods including: objectivity, accuracy and reproducibility[320-323]. Therefore, this modality may offer a method of standardizing the assessment of the local inflammatory cell infiltrate in patients with colorectal cancer. 
 The aim of the present study was to compare visual and automated assessment of tumour inflammatory cell infiltration in patients with colorectal cancer. 
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- 4.2 – Patients and Methods 
Patients with colorectal cancer who, on the basis of preoperative staging and laparotomy findings, were considered to have undergone an elective, potentially curative resection of colorectal cancer between 1997 and 2006 in a single surgical unit at Glasgow Royal Infirmary were included in the study. Tumours were staged using the conventional tumour, node, metastasis (TNM) staging system, 7th Edition, [318]. Patients with conditions known to elicit an acute or chronic systemic inflammatory response were excluded. These were namely (i) pre-operative chemoradiotherapy, (ii) clinical evidence of active pre-operative infection, or (iii) chronic active inflammatory diseases such as rheumatoid arthritis.  
The study was approved by the Research Ethics Committee, Glasgow Royal Infirmary, Glasgow. 
 Visual Assessment of Tumour Inflammatory Cell Infiltration Assessment of the tumour inflammatory cell infiltrate was performed on original haematoxylin and eosin-stained full-sections of the tumour, considered to be representative of the specimen. The local inflammatory response was evaluated previously in this cohort (GJKG and CSDR) using the method described by Klintrup and Makinen [181].   
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Briefly, K-M criteria is a four-point scale, a score of 0 indicates no increase in inflammatory cells at the invasive margin, a score of 1 indicates presence of a mild/patchy increase in inflammatory cell reaction at the invasive margin but no destruction of invading cancer cell islets, a score of 2 indicates observation of a band-like inflammatory reaction at the invasive margin, and a score of 3 indicates observation of a florid inflammatory reaction with cup-like inflammatory infiltrate at the invasive margin.  The manual scores were then 
dichotomised	  to	   ‘high’	  and	   ‘low’	  grade	   inflammation in line with the previously published literature [181]. 
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- Slide Scamming and Automated Assessment 
The routine Haematoxylin & Eosin stained tumour sections used for the visual assessment were scanned using a Hamamatsu NanoZoomer (Welwyn Garden City,Hertfordshire, UK).  Visualization and image analysis assessment was carried out using Slidepath Digital Image Hub, version 4.0.1, (Slidepath, Leica Biosystems, Milton Keynes, UK).  Visual assessment of inflammatory infiltrates at the deepest point of the invasive margin was performed on a high definition monitor.  The ‘Measure	  stained	  cells	  algorithm’, Tissue Image Analysis, version 2.0 (Slidepath, Leica Biosystems, Milton Keynes, UK), was then used to assess the sections for immune cell infiltrates at the point felt to represent the deepest point of tumour invasion.  The algorithm quantifies nuclear staining to derive a numeric score for each selected sample area.  The default algorithm preferences were modified to count only inflammatory cells at the invasive margin and exclude other cell types including stromal fibroblasts and tumour cells.   
This distinction between different cell types was based on different staining intensities, cell size and size of nuclei. The optimized algorithm parameters are shown in Appendix 1.  Visual validation of the algorithm was performed to ensure that only inflammatory cells were counted and other cell types were excluded from the analysis.  The analysis scale was performed at 20x magnification for all scoring. 
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In order for the software system to be guided to analyse the inflammatory infiltrate at the invasive margin it was necessary to annotate the H&E sections. Two different methods of annotation were used and their accuracy assessed.  Three slides were annotated and scored for each specimen and a total of 160 tumour specimens were scored. 
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- Annotation Methods 
Freehand annotations 
x Using the sealed freehand annotation tool provided by Slidepath software. The area to be analyzed was manually selected by drawing around the inflammatory infiltrate at the invasive margin. All freehand annotations were drawn at 20x magnification.  
x One freehand annotation was created for each slide.  
x The optimized algorithm was selected and the algorithm customized to analyze only the   annotated region at the invasive margin.  
x Upon completion of automatic cell counting, manual export of the data in .csv format allowed   for further analysis.  
x Cell	  counts	  were	  expressed	  as	  total	  number	  of	  positive	  nuclei	  (Âμm)	  and	  
number of positive   stained cells/mm2. The total number of positive nuclei was obtained from the Slidepath data output and the number of 
cells/ mm2 was calculated by dividing the mean total number of cells by 
the mean total tissue area analyzed (mm2).  
x Three slides were scored for each tumour specimen and the mean score of the slides was taken as the final score for that specimen.  
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Rectangular Box annotations  
x The area from the invasive margin to be analyzed was identified visually and the magnification was then set to 20x at the selected area.  
x The	   ‘Tissue	   IA	  optimizer’	   icon	  was	   selected	  and	   the	  optimized	   ‘Measure	  
stained	   cells	   algorithm’	   was	   chosen to analyze the area of the invasive margin visible on-screen. This generated rectangular boxes to indicate the position of the area analyzed. Results were recorded and stored for each rectangular area.  
x Cell counts were expressed as the total number of	  positive	  nuclei	  (Âμm)	  and number of positive stained cells/mm2. The total number of positive nuclei was obtained from the Slidepath data output and the number of cells/ mm2 was calculated by dividing the mean total number of cells by the mean total tissue area analyzed (mm2).  
x To ensure reproducibility of measurements, three rectangles were assessed along the invasive margin of each tumour using this method. The mean score of the three boxes was taken as the final score for that slide.  
x Three slides were scored for each tumour specimen and the mean score of the slides was taken as the final score for that specimen.     
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        Statistical Analysis Associations between visual K-M scores and automated inflammatory cell counts were examined using boxplots.  An analysis of variance between the automated cell counts associated with each K-M score were performed using the Kruskal-Wallis test.  The inflammatory cell counts were categorised into groups using quartiles.  All other variables were grouped according to standard or previously published thresholds.  Associations between automated scoring and tumour variables were examined using Chi-square tests for trend.  Kaplan-Meier survival curves with log-rank tests were used to perform univariate survival analyses. A p-value <0.05 was considered statistically significant.  Statistical analyses were performed using SPSS® version 19.0 (IBM SPSS, Chicago, Illinois, USA).       
Figure 4.0– Image illustrating annotation methods 
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- 4.3 - Results One hundred and fifty-four patients who underwent potentially curative resection of colorectal cancer were included in the study.  Summary characteristics of patients included in the study are shown in Tables 4.1 and 4.2.   The majority of patients were 65 years or older (70%) with similar numbers of men (52%) and women (48%).   The majority of resections were carried out electively (87%) and were for colon cancer (78%). Pathological reports classified the tumours as T-stage 1 (1%), 2 (3%), 3 (72%), 4 (24%).  On routine pathological	   analysis,	   the	   minority	   of	   patients	   had	   evidence	   of	   ‘high-risk’	  pathological features including poor tumour differentiation (10%), extramural vascular invasion (31%), peritoneal involvement (22%), margin involvement (6%), and therefore the majority were	   classed	   as	   ‘low’	   Petersen	   Index	   (88%).	  	  	  
On	   visual	   assessment	   using	   Klintrup’s	   criteria,	   the	  majority	   of	   patients	   (69%)	  were given a score of 0 or 1 (low-grade	  inﬂammation)	  and	  the	  remainder	  (31%)	  were given a score of 2 or 3 (high-grade	  inﬂammation).  The relationships between K-M scoring and the automated inflammatory cell counts were examined using boxplots.  The automated inflammatory cell counts assessed using the freehand annotation method were significantly associated with both K-M score (p<0.001) and K-M grade (p<0.001).  The automated inflammatory cell counts assessed using the rectangular box method were also significantly associated with both K-M score (p<0.001) and K-M grade (p<0.001).  The median numbers of inflammatory cells associated with each K-M score and each K-M grade are shown in Table 4.3.  
 116 
An analysis of variance was performed to assess for significant differences in the median number of inflammatory cells associated with each K-M score.  The freehand annotation method demonstrated significant differences in the number of inflammatory cells between all K-M scores, with the exception of scores 2 and 3.  The rectangular box method demonstrated significant differences in the number of inflammatory cells between all K-M scores, with the exception of the number of cells per mm2 between scores 2 and 3, (Table 4.3).  Whilst both methods demonstrated significant variation across K-M categories, there was greater discrimination using the rectangular box method in comparison to the freehand annotation method (Chi-square 86.2 vs 52.6).  Therefore, the total number of inflammatory cells at the invasive margin assessed using the rectangular boxes method was selected for further survival analysis.  The inflammatory cell counts were then divided into categories to group tumours with similar inflammatory cell densities.  Given that there were significant differences in the number of inflammatory cells associated with each K-M score, using the rectangular boxes method, the automated cell counts were grouped into four separate categories using quartiles.  To test how strongly the automated Klintrup quartiles were associated with the visually scored K-M scores the intra-class correlation coefficient (ICC) was calculated and there was good agreement with an ICC of 0.82.  Similar to the visual K-M scoring system, the automated K-M classification of the inflammatory cell counts, using quartiles, was significantly associated with venous invasion (p<0.05), and mGPS (p<0.05), Table 4.4.   
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An assessment of the prognostic value of the automated classification of inflammatory cell counts was then performed. The median follow-up was 107 months (range 44–178). During this period, 43 patients died from colorectal cancer and 38 patients died from other causes.  The relationship between baseline clinicopathological characteristics and cancer-specific survival are shown in table 4.4.   
On univariate analysis, age (p<0.05), T-stage (p<0.005), N-stage (p<0.005), TNM stage (p<0.005), venous invasion (p<0.05), peritoneal involvement (p<0.05), margin involvement (p<0.005), mGPS (p<0.005), and visual K-M category (p<0.005) and visual K-M grade (p<0.005) were significantly associated with cancer specific survival.  Further, on univariate survival analysis, both automated K-M category (p<0.05) and automated K-M grade (p<0.005) were associated with cancer-specific survival.  Kaplan-Meier survival analysis using the manually acquired scores demonstrated that patients whose tumours had high-grade inflammatory/immune cell infiltrate had improved cancer-specific survival compared with those with low-grade inflammatory cell infiltrate (Figures 4.1a and 4.1b) as previously reported by Klintrup and colleagues. Similarly, on Kaplan-Meier survival analysis, both automated Klintrup Category (p<0.05) and automated Klintrup Grade (p<0.05) demonstrated that those patients with high inflammatory cell counts had improved cancer-specific survival when compared with those patients with lower inflammatory cell counts, (Figures 4.2a and 4.2b).   
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- 4.4 – Discussion The results of the present study demonstrate that using commercially available image analysis software, an automated objective assessment of the peritumoural inflammatory cell infiltrate at the invasive margin was obtained and that such an assessment had prognostic value in patients with colorectal cancer. 
 In order for assessment of the local inflammatory response to be adopted in routine clinical pathological practice, the method used must be practical, reproducible and accurate on routinely stained H&E tumour sections.  In the present study, whilst both automated methods, rectangular boxes and freehand annotations, demonstrated significant variation across K-M categories, there was greater discrimination using the rectangular box method.  The rectangular box method allowed more precise and selective sampling of inflammatory infiltrates along the tumour invasive margin.   The freehand method required sampling from a larger, continuous area of the invasive margin, therefore these samples were likely to include more 
background	  ‘noise’	  making	  it	  difficult	  to	  accurately point score the inflammatory cells. In addition, the freehand annotations were not of a standardized shape or size.  In the present small study, the rectangular box automated scoring method had a tendency to over-score the local inflammatory cell infiltrate compared to the visual K-M scoring system (4/47 graded as K-M high grade were scored by 
automated	  method	   as	   ‘low	   inflammatory	   cell	   count’	   and	   15/93	   graded	   as	  K-M 
low	   grade	   were	   scored	   by	   the	   automated	   method	   as	   ‘high	   inflammatory	   cell	  
count’).	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These discrepancies are likely to be related to the algorithm, as selection of valid algorithm parameters is of utmost importance. The algorithm used in the present study distinguished inflammatory cells from other cell types found at the invasive margin, including stromal fibroblasts and tumour cells.  This distinction was based on different staining intensities, cell size, and size of nuclei, amongst other parameters, and the algorithm was optimized to work adequately across all tumour specimens.  In the present study, the good agreement observed between the visual K-M scoring method and the automated inflammatory cell counts support the accuracy of the image analysis scoring method for the assessment of the local inflammatory response.  In addition, and providing further validation of accuracy, the automated inflammatory cell counts were associated with a number of pathological characteristics including T stage, TNM stage, venous invasion, peritoneal and margin involvement.  A key advantage of the automated method is that it provides reliable numeric quantification of the inflammatory cell density and thus provides an objective measure that may also provide an improved degree of accuracy and sensitivity over the more subjective visual method.  Indeed, several authors have proposed that automated assessment of inflammatory infiltrates offers advantages over visual assessment including, consistency, exactness, objectivity and time-efficiency [322-324].  Previous studies examining the role of computer-aided assessment of tumour inflammatory infiltrates have focused on the use automated cell counting of imunohistochemically stained tumour sections [322-325].   
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However, very few immunohistochemical stains are used in routine clinical practice, therefore the use of such stains to aid automated cell counting adds a layer of complexity to automated assessment that may preclude its use in routine clinical pathological practice in most institutions.  While the H&E protocol used in our institution has been consistent during the study period, we recognize that other centres may have slightly different staining protocols that may result in different staining intensities that may affect the reproducibility of this method if the same algorithm was to be applied to other cohorts.  While we acknowledge this limitation, we propose that minor adjustment of the image analysis algorithm may be able to allow for this.   An automated scoring method will not replace the need for a human observer to determine that the images analyzed are representative of the lesion, do not have significant background staining, and ensure areas of necrosis are avoided but will provide a degree of consistency in observation not possible with purely visual assessment. In addition, the computer-based scoring method used in this study takes advantage of existing software available	  and	  is	  not	  a	  ‘custom’	  system,	  and is therefore easy to use and relatively inexpensive and could easily be acquired by pathology departments for routine use.  Importantly, in terms of potential clinical utility, the automated assessment of the local inflammatory infiltrate using the K-M criteria is simple, practical and quick to perform.  In addition, further software developments including refinements to image annotation may enhance clinical utility of the methodology further.  
 121 
Such developments, for example the placeable grid, may facilitate an even more practical and time effective assessment of the local inflammatory response that can be used widely in the prognostic assessment of patients with colorectal cancer.  Given the importance of the host local immune response in colorectal cancer progression, there have been calls to incorporate an assessment of this into routine clinical practice.  Indeed, assessment of the local inflammatory cell response has the potential to predict outcome and identify patients at risk of recurrence and for whom adjuvant treatment should be considered [326].  In summary, the results of the present study demonstrate that automated assessment appears to effectively recapitulate the clinical value of visual assessment of the local inflammatory cell infiltrate at the invasive margin of colorectal tumours.  In addition, the present study demonstrates it is possible to obtain an objective assessment of tumour inflammatory infiltrates using routinely stained H&E sections and that an automated, computer-based scoring method is therefore a workable and cost-effective approach to the clinical assessment of local immune cell infiltrates in patients with colorectal cancer. This study was an exploratory pilot study to assess the potential of an automated method of scoring inflammatory infiltrates.  Given the apparent value of this method, a larger cohort study could be pursued to validate the described technique and assessment of its value within a multivariate may form the basis of further work in this area.  In addition, a study examining the value of this automated system in a cohort of patients enrolled in a clinical trial may add value to the preliminary work described here.  
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Figure 4.1b – Kaplan-Meier survival curve demonstrating the relationship between Manual Klintrup-Makinen category (weak/strong) and cancer-specific survival.  
Figure 4.1a – Kaplan-Meier survival curve demonstrating the relationship between Manual Klintrup-Makinen grade and cancer-specific survival.  
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Figure 4.2b – Kaplan-Meier survival curve demonstrating the relationship between Automated Klintrup-Makinen category (weak/strong) and cancer-specific survival.  
 
Figure 4.2a – Kaplan-Meier survival curve demonstrating the relationship between Automated Klintrup-Makinen grade and cancer-specific survival.  
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Table 4.1 - The clinicopathological characteristics of patients with primary 
operable colorectal cancer. 
 
Clinicopathological characteristics                                             Patients (n = 154) Age (<65/65-74/ >75 years) 46 (30%)/58 (38%)/ 50 (32%) Sex (Male/Female) 84 (55%)/ 70 (46%) Presentation (Elective/Emergency) 135 (87%)/ 16 (10%) 
Tumour Characteristics  Tumour Site (Colon/Rectum) 125 (81%)/ 29(19%) T-stage (T1/T2/T3/T4) 1 (1%)/ 4 (3%)/ 107 (69%)/ 42 (27%) N-stage (N0/N1/N2) 129 (84%)/ 16 (10%)/ 9 (6%) TNM Stage  4 (3%)/ 125 (81%)/ 25 (16%) Differentitation (Poor/Moderate-Well) 13 (9%)/ 141 (91%) Venous Invasion (Absent/Present) 103 (67%)/ 51 (33%) Peritoneal Involvement (Absent/Present) 116 (75%)/ 38 (25%) Margin Involvement (Absent/Present) 146 (95%)/ 8 (5%) Tumour Perforation (Absent/Present) 148 (96%)/ 6 (4%) 
Systemic Responses  Modified Glasgow Prognostic Score (0/1/2) 84 (54%)/ 41 (27%)/ 29 (19%) Neutrophil_Lymphocyte Ratio (<5/>5) 93 (60%)/ 31 (20%) 
Local Inflammatory Cell Infiltrate   Visual Klintrup-Makinen Grade (0/1/2/3) 46 (30%)/ 62 (40%)/ 29 (19%)/ 17 (11%) Visual Klintrup-Makinen Category (Weak/Strong) 108 (70)/ 46 (30%) 
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Table 4.2 – Baseline clinicopathological characteristics and relationships with cancer-specific survival (n=154). 
 
 Cancer-Specific Survival 
Univariate Analysis 
HR 95% CI p-Value 
Patient Factors 
Age (<65/ 65-74/ >75) 1.85 (1.22-2.80) 0.004 
Sex (Male/Female) 0.862 (0.47-1.60) 0.634 
Presentation (Elective/Emergency 1.87 (0.78-4.48) 0.161 
Tumour Factors 
Tumour Site (Colon/Rectum) 1.40 (0.69-2.86) 0.354 
T-stage  (T1/T2/T3/T4)  2.76  (1.52-5.02)  0.001 
N-stage (N0/N1/N2)  1.89  (1.23-2.89)  0.004 
TNM-Stage (I/II/III) 2.75 (1.43-5.28) 0.002 
Differentiation  (Poor/Moderate-Well)  1.32  (0.47-3.71)  0.599 
Venous Invasion  (Absent/ Present)  2.54  (1.37-4.73)  0.003 
Peritoneal Involvement  (Absent/ Present)  2.51  (1.33-4.73)  0.004 
Margin Involvement  (Absent/Present)  3.70  (1.45-9.47)  0.006 
Tumour Perforation  (Absent/ Present)  0.69  (0.09-5.04)  0.717 
Systemic Inflammatory Response 
mGPS (0/1/2) 1.80 (1.23-2.64) 0.002 
NLR (<5/>5) 2.03 (0.97-4.28) 0.061 
Local Inflammatory Cell Infiltrate 
Manual Klintrup-Makinen Grade (0/1/2/3)  0.39  (0.26-0.60)  <0.001 
Automated Klintrup-Makinen Grade (Quartiles - 0/1/2/3)  0.59  (0.43-0.80)  0.001 
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Table 4.3 - Median number of inflammatory cells associated with K-M scoring. 
 
Freehand Annotation Method – analysis of variance using Kruskal-Wallis test between:  a groups 0 and 1  (total inflammatory cells)  e groups 0 and 1 (inflammatory cells per mm2)    b groups 1 and 2 (total inflammatory cells)  f groups 1 and 2 (inflammatory cells per mm2)  c groups 2 and 3 (total inflammatory cells)  g groups 2 and 3 (inflammatory cells per mm2) d Analysis of variance between counts in weak and strong category (total inflammatory cells, and inflammatory cells permm2) 
Rectangular Box Method - analysis of variance using Kruskal-Wallis test between: a groups 0 and 1  (total inflammatory cells)   e groups 0 and 1 (inflammatory cells per mm2)   b groups 1 and 2 (total inflammatory cells)   f groups 1 and 2 (inflammatory cells per mm2) c groups 2 and 3 (total inflammatory cells)   g groups 2 and 3 (inflammatory cells per mm2) d Analysis of variance between counts in weak and strong category ( - total inflammatory cells, and  - inflammatory cells permm2) 
 Total Inflammatory Cells 
(Median and Range) 
Total Inflammatory Cells 
(P-Value) 
Inflammatory cells per mm2 
(Median and Range) 
Inflammatory cells per mm2 
(P-Value) 
Freehand Annotation Method  
Manual K-M Score 0 1 2 3 
 670 (13-6524) 1814 (17-7906) 3115 (1222-6806) 3107 (671-6483) 
  <0.001a <0.001b 0.425c 
 0.75 (0-3.65) 2.02 (0-4.75) 2.86 (1.49-4.47) 3.06 (0.89-5.36) 
  <0.001e <0.001f 0.690g 
Manual K-M Grade Weak Strong  1489 (13-7906) 3107 (671-6806)   <0.001d  1.64 (0.3-4.75) 2.9 (0.89-5.36)   <0.001h 
Rectangular Box Method  
Manual K-M Score 0 1 2 3 
 91 (0-583) 346 (2-1043) 682 (369-1068) 852 (145-1227) 
  <0.001a <0.001b <0.05c 
 0.45 (0-3.38) 1.81 (0.02-4.97) 3.61 (1.46-5.6) 3.95 (0.76-5.9) 
  <0.001e <0.001f <0.347g 
Manual K-M Grade Weak Strong  273 (0-1043) 742 (145-1227)   <0.001d  1.27 (0-4.97) 3.7 (0.76-5.96)   <0.001d 
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Table 4.4 – Relationships between automated Klintrup-Makinen (aKM) score using rectangular box method and clinicopathological variables. 
 
 
 
 
 Automated Klintrup-Makinen Score (aKM) 
Quartiles 
 0 
(n = 39 ) 
1 
(n = 39) 
2 
(n = 38) 
3 
(n = 38) 
 
p-Value 
Patient Factors      Age (<65/ 65-74/ >75 years) 6/16/17 14/17/8 10/14/14 16/11/11 0.085 Sex (male/ female) 24/15 17/22 20/18 23/15 0.875 Presentation (Elective/Emergency) 31/8 34/5 37/1 36/2 0.007 
Tumour characteristics  Tumour Site (Colon/ Rectum) 36/3 30/9 29/9 30/8 0.148 T-stage (T1/ T2/ T3/ T4) 0/1/21/17 0/0/29/10 0/1/31/6 1/2/26/9 0.010 N-stage (N0/ N1/ N2)  35/1/3 31/6/2 32/5/1 31/4/3 0.646 TNM Stage 1/34/4 0/31/8 1/31/6 2/29/7 0.757 Differentiation (Poor/Moderate-Well) 5/34 2/37 2/36 4/34 0.731 Venous Invasion (Absent/Present)  18/21 28/11 28/10 29/9 0.006 Peritoneal Involvement (Absent/Present) 24/15 30/9 32/6 30/8 0.055 Margin Involvement (Absent/Present) 36/3 36/3 37/1 37/1 0.207 Tumour Perforation (Absent/Present) 37/2 36/3 38/0 37/1 0.278 
Systemic Responses  Modified Glasgow Prognostic Score (0/1/2) 14/13/12 25/9/5 23/8/7 22/11/5 0.050 Neutrophil-Lymphocyte Ratio (<5:1/>5:1) 26/10 23/9 22/6 22/6 0.463 
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5.0 – The link between local and systemic inflammatory responses - 5.1 – Cancer-associated inflammation and circulating cytokines in 
colorectal cancer. As described, there is a clear association between tumour necrosis and the local and systemic inflammatory responses, but the lack of independent prognostic value suggests that necrosis although an important feature, reflects the production of a mediator of local and systemic inflammatory responses.  One possibility is that necrosis may stimulate mediators that down-regulate the local inflammatory response and up-regulate the systemic inflammatory response.  Therefore, the delineation of such a mediator of the relationship between tumour necrosis and these inflammatory responses may provide some unique insight into the natural history of colorectal cancer and provide potential therapeutic targets.  The molecular links between tumour necrosis and the inflammatory responses are likely to be very complex.  However, it is recognized that tumour necrosis is likely to be the result of a tumour out-growing its blood supply, becoming relatively hypoxic and inducing the up-regulation of cellular stress genes in the tumour and the inflammatory cell infiltrate.  Indeed, it has been postulated that the combination of inflammation and necrosis provides an environment in which the epigenetic regulation of genes, cell death, cell proliferation and mutagenesis occurs [178].      
 129 
At sites of chronic inflammation, cells are continuously dying as a consequence of hypoxic stress, an event in turn promoting growth and proliferation of the local epithelium.  The apoptotic to necrotic conversion that is associated with unscheduled cell death and the subsequent release of necrotic mediators is 
recognized	   not	   to	   be	   a	   ‘clean’	   death,	   but	   instead	   stimulates	   inflammatory	  pathways [178].  These inflammatory pathways are now recognized to be important for angiogenesis, stromagenesis and the promotion of epithelial proliferation, all of which are required for tumour growth [180].   An important hypoxic stress pathway is regulated by hypoxia-inducible-factor-1-alpha (HIF-1α) [327] that is, in turn, a potent stimulator of Interleukin-6 (IL-6) production from the tumour and inflammatory infiltrate cells [328].  It is of interest, therefore, that the IL-6/JAK/STAT pathway has emerged as a key player in cancer-associated inflammation [329-332].  IL-6 is a multi-functional pro-inflammatory cytokine that has crucial roles in tumour progression through growth-promotion, anti-apoptotic activity, and modulation of immune function and thus is a strong candidate for mediating both local and systemic cancer-associated inflammatory responses.  The persistently elevated concentrations of IL-6 may then be maintained by failure of negative feedback systems or through the establishment of uncontrolled production of IL-6 and subsequent activation of the JAK/STAT/HIF-1α	  system.    
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The increased local and systemic IL-6, have been proposed to play a key role in inflammatory processes that are known to be key to cancer development and progression, including immune-regulation and angiogenesis [3, 333-335] and may also result in an impaired local inflammatory response and an elevated systemic inflammatory response (see Figure 5.1).  Further, experimental models of cancer have added weight to the involvement of IL-6 in inflammation associated forms of cancer, e.g. an in-vivo model of hepatocellular carcinoma proposed IL-6 as a key mediator in cancer-associated inflammation and interestingly, the mechanism involved tissue necrosis [336].                
 131 
  Figure 5.1  – Proposed pathway linking tumour necrosis and the local and systemic inflammatory processes in colorectal cancer.    
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- 5.2 – Stage-dependent alterations in circulating cytokines In addition to in-vivo work suggesting the role of IL-6 in cancer-associated inflammation, recent work has suggested that colorectal cancer is associated with extensive alterations in the serum cytokine environment [316].   In particular, it has been reported that IL-6, similar to tumour necrosis, is associated with advancing T-stage and, interestingly, a strong association between the systemic inflammatory response, as evidenced by the modified Glasgow Prognostic Score (mGPS) [315].  Further, it is proposed that the association between the systemic inflammatory response and serum cytokine alterations provides insight into the inflammatory cells associated with up-regulation of the systemic inflammatory response, in particular the postulated role of macrophages in the tumour microenvironment [316].  These findings add weight to the hypothesis that tumour necrosis has an important role in linking local and systemic inflammatory response in patients with colorectal cancer [171, 337]. 
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- 5.3 – IL-6 and the local inflammatory response in patients with 
colorectal cancer. It is now well-recognised that the local inflammatory response is associated with colorectal cancer survival [183].  There is good evidence that a strong local inflammatory reaction in the form of high numbers of tumour infiltrating lymphocytes (TILs) is a sign of good prognosis [181, 182].  Increasingly, it has been recognized that a delicate balance exists within the tumour microenvironment with regard to local inflammatory responses [338, 339].  Indeed, early studies reported the importance particularly of Th1-polarised cytotoxic T-cells and T memory cells [182].  Importantly, there are studies that report local lymphatic activation, immune deviation, and presence of T-regulatory cells, a cell type associated with disease progression and poor prognosis [340].    In addition, it has been proposed that the genotype of colorectal cancer may influence the local inflammatory infiltrate.  Indeed, it has been reported that tumours with high frequency microsatellite instability (MSI-H) are characterised by more abundant intra-tumoural and peri-tumoural lymphocyte infiltrates [341-343].  A possible explanation is that MSI-H tumours are more antigenic than their more genotypically stable counterparts and may passively activate effector T-cells [342-344].  However, despite the association between MSI-H and increased T-lymphocyte infiltrate there appears to be potential for alternative mechanisms modulating the local inflammatory response, potentially via a cytokine mediated pathway that links systemic and local inflammation.  
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Evidence for a critical role for IL-6 in the modulation of immune cells comes from studies of acute inflammation that have shown IL-6 and the soluble IL-6 receptor play a significant part in the modulation of recruitment of inflammatory cells [345-348].  Also, recent work has reported that IL-6 plays an important role in differentiation of myeloid-derived suppressor cells that may be important with regard to intra-tumoural inflammatory processes [349-351].  Specifically, it has been reported that IL-6 is critical in modulation of T-cell responses in colorectal cancer, particularly affecting Th17 and T-regulatory cells, and also in the trafficking and recruitment of immune cells that produce pro-inflammatory cytokines [352].  Therefore, it may be that IL-6 provides a key regulatory signal in the T-cell adaptive immune response with effects focused on the modulation of T-cell differentiation. Indeed, IL-6 is cited as one of the critical determinants of differentiation of T cells [346, 353, 354].  As a consequence, it is plausible that IL-6 has unique properties that may influence the constituents of the tumour microenvironment, specifically the down-regulation of T-lymphocytic function. However, the exact mechanisms involved remain unclear. 
 Due to its relatively low molecular weight (21–28 kD), IL-6 is able to rapidly diffuse through cells and tissues and makes up part of a complex milieu of cytokines present in the tumour microenvironment. This property makes this cytokine a good candidate for modulation of inflammatory responses in the tumour microenvironment in colorectal cancer.   
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Since its discovery in 1986 there have been significant advances in understanding the plethora of roles played by IL-6, including key roles in inflammation, modulation of immune function, and more recently cancer [355].  Interestingly, with regard to cancer, IL-6 has been recognised to play a crucial role in growth-promotion and inhibition of apoptosis, and has been linked to the pathogenesis of various cancers [335].  It has also been known for some time that several human tumour cell lines produce IL-6 [356-358].  In vitro and in vivo studies have suggested a critical role for IL-6 in tumour cell proliferation [359, 360]. 
 Recent studies have provided good evidence for the presence of IL-6 in the tumour microenvironment of various solid organ malignancies.  IL-6 has been shown to be expressed at increased concentrations in resected specimens of renal cancer, with strong expression reported in both the epithelium and stroma of the tumour compartment [361].  Interestingly, this group noted that surrounding normal peritumoural tissue showed less expression of IL-6 [361].  Further evidence comes from a recent study by Bellone and colleagues who, for the first time, reported expression of a number of pro-inflammatory cytokines, including IL-6, in the tissue microenvironment of pancreatic cancer[362].  Interestingly, an immunosuppressive state has been reported in the microenvironment of pancreatic tumours and IL-6 modulation of the immune response may explain a reduction in immune surveillance. 
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With regard to colorectal cancer there is now good evidence that colorectal cancer tissue express IL-6 at increased concentrations.  An early study by Kinoshita and co-workers reported that tumoural expression of IL-6 was significantly increased compared to normal tissue [363].  More recently, other groups reported over-expression of IL-6 in colorectal cancer tissues [364, 365].  Chung and colleagues reported a significant association between tumour over-expression of  IL-6 and poorer survival [365].  These studies provide further evidence that IL-6 is linked to progression of colorectal cancer.  Indeed, they reported that elevated tissue expression of IL-6 was associated with high-risk pathological factors including T-stage, nodal status and vascular invasion [365].  In addition to the over-expression of IL-6 in tissue specimens, recent work has reported tissue expression of Signal Transducer and Activator of Transcription 3 (STAT-3) in colitis-associated colorectal cancer [175].  It is reported the JAK/STAT pathway, specifically STAT-3, is critical in the regulation of inflammation.  IL-6 is a key component of this pathway and notably it has been proposed that this cytokine has the potential to activate or inhibit T-cell functions and modulate inflammatory responses [366]. 
 Therefore aberrant IL-6/JAK/STAT signaling in colorectal tumours may be crucial in the development and progression of colorectal cancer.  Interestingly, the study by Li et al. also reported that IL-6 is localized at sites of macrophage infiltration thus suggesting an interaction between this cytokine and immune cells in the tumour microenvironment[175].   
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Thus it seems plausible that IL-6 has unique properties that may influence the constituents of the tumour microenvironment specifically by down-regulating T-lymphocytic function, thus enabling the tumour cells to escape immune surveillance and survive and progress.  However the exact mechanisms involved remain unclear and require further investigation. 
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- 5.4 – IL-6 and the systemic inflammatory response in patients with 
colorectal cancer. The mechanisms for the up-regulation of systemic IL-6 production in patients with colorectal cancer also remain unclear.  Indeed, a key question with regard to the involvement of IL-6 in the systemic inflammatory response is whether the tumour microenvironment is the sole source of this pro-inflammatory cytokine in colorectal cancer.  In addition, it is proposed that polymorphisms of the IL-6 gene may be involved.  In order to assess the biological plausibility of a link between IL-6 and the systemic and local inflammatory responses we must consider the potential associations between genetic predisposition for an exaggerated IL-6 response in patients developing cancer.  Mendelian randomization studies provide an approach to examine this in humans, however, these studies require large numbers of patients.  Indeed, this approach has been reported in the investigation of targeting the IL-6 receptor for prevention of coronary heart disease[367].  With reference to polymorphisms of the IL-6 gene, these have been associated with tumourigenesis in a variety of solid organ malignancies, including colorectal cancer, and also with circulating levels of C-reactive protein[368].  Interestingly, a study by Slattery and colleagues reported that there was a significant interaction between Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) use and two of the four recognized IL-6 polymorphisms, and that patients with the C allele who used aspirin/NSAID had lower risk of colorectal cancer[369], further implicating IL-6 and inflammatory-related pathways in colorectal cancer biology.   
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However, further investigation of the polymorphisms that increase circulating IL-6 concentrations and their relationship with outcome in patients with colorectal cancer is required.  Nevertheless, it is now widely accepted that IL-6 is one of the main pro-inflammatory signals generated by the body to elicit systemic inflammatory responses [186].  Experimental evidence in the early 1990s confirmed a significant role for IL-6 in systemic inflammation.  Murine studies clearly demonstrated that genetic deletion of IL-6 led to abolishment of acute phase responses modulated by the liver, and interestingly, impaired T-cell immunity[370].  Thus providing strong evidence that this pleiotropic cytokine is critical to the systemic inflammatory response.  Of particular interest is the role IL-6 plays in the up-regulation of hepatic specific genes involved in the production of C-reactive protein (CRP).  It is known that this potent pro-inflammatory cytokine is crucial to the up-regulation of the acute phase response by inducing the synthesis and secretion of the acute phase proteins by hepatocytes [186].  In addition, the other components of IL-6 signalling, specifically those involved in trans-signalling: the soluble IL-6 receptor (sIL-6R) and gp130, are reported to be important in the regulation of the acute phase response [352, 371, 372].  There is consistent evidence that circulating IL-6 is important with regard to survival in a number of solid organ malignancies.  Several investigators have shown an association between elevated circulating IL-6 and poorer survival in breast cancer.   
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Ravishanka and colleagues demonstrated that elevated circulating concentrations of IL-6 was directly associated with tumour invasion, lymph node status, and TNM stage and poorer survival [373].  Additionally, a similar relationship between circulating IL-6 and survival in prostate cancer has been reported [374, 375].  Other work has reported an association between more advanced disease, tumour size and presence of metastases [376].  It is of interest that Ramsey et al. reported that IL-6 concentrations did not normalize following resection of renal tumours, and neither did C-reactive protein [377].  In addition, CRP concentrations have been shown to remain elevated following resection of pancreatic and colorectal cancers [188, 378].  Thus it is plausible that IL-6 concentrations may be determined by tissues other than that of the tumour.  With reference to colorectal cancer, since the initial report [379], there has been consistent evidence that circulating IL-6 concentrations are elevated compared with normal controls [363, 380-386].  These studies have also reported associations between IL-6 and more traditional clinicopathological parameters.  Specifically, elevated concentrations of IL-6 have been reported to be associated with tumour size and poorer survival [381, 383].  It is of interest therefore that Galizia and co-workers reported that elevated pre-operative circulating IL-6 concentrations were significantly associated with T-stage and predicted curative and non-curative surgery rates [381].  Interestingly, this group noted a drop in circulating IL-6 following surgical resection, however the IL-6 concentrations did not normalize [381].    
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Similarly, Chung and co-workers, reported elevated circulating IL-6 concentrations in colorectal cancer patients compared to normal controls, and that elevated circulating IL-6 was significantly associated with T-stage[383].  Further, Esfandi et al. assessed IL-6 concentrations at different tumour stages and reported that circulating IL-6 increases in a T-stage related manner [385].  Indeed, this finding is corroborated by other studies[383, 385, 387].   Therefore it can be concluded that circulating IL-6 concentrations are associated with tumour size but it is not clear whether the tumour is the main source of IL-6 in patients with colorectal cancer.  To date, with reference to M-stage, circulating IL-6 concentrations have been reported to be significantly higher in patients with both colorectal liver and lung metastasis[363, 383, 388].  The majority of studies have investigated IL-6 with regard to presence of liver metastasis, indeed three studies have shown there to be a significant association between elevated circulating IL-6 concentrations and the presence of liver metastasis [363, 383].   Several studies have reported elevated circulating IL-6 concentrations to be directly associated with elevated levels of C-reactive protein in various cancers [376, 377, 389, 390].  Most recently, Ravishankaran and colleagues reported a positive correlation between elevated IL-6 concentrations and CRP  (r = 0.579) in breast cancer patients [373].  Also, studies in prostate cancer have reported a correlation between elevated circulating IL-6 and other markers of systemic inflammation, namely erythrocyte sedimentation rates (ESR), hypoalbuminaemia, thrombocytosis, leukocytosis, and anaemia [391-393].   
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Also there is consistent finding of a correlation between IL-6 and CRP in renal malignancy [376, 394-396].  Interestingly, Blay et al. report both IL-6 and CRP concentrations fell following administration of anti-IL-6 antibody and increased following withdrawal of this treatment [397].    Martin and colleagues reported elevated IL-6 concentrations in lung cancer patients and noted that IL-6 appeared to enhance the acute phase response in this group of patients[398],  while McKeown et al. reported IL-6 to be the only pro-inflammatory cytokine independently associated with CRP (r = 0.616) in patients with lung cancer[389].  With reference to patients with colorectal cancer, it has been reported that increased circulating concentrations of IL-6 are associated with increased CRP [383, 399].  It has been proposed that the association between IL-6 and C-reactive protein in colorectal cancer may reflect uncontrolled up-regulation of IL-6 signalling pathway[356, 399].  Despite these findings, no studies have addressed the potential relationship between tumour necrosis and circulating concentrations of IL-6 and the effect on the systemic and local inflammatory responses.      
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From the above therefore, it is conceivable that elevated circulating IL-6 may originate from the tumour, the tumour microenvironment, or both.  In this regard further work is required to assess the role played by tumour necrosis and the immune cells in the tissue microenvironment in the upregulation of IL-6 signalling.  Indeed, there is evidence that macrophages may drive IL-6 signalling in the tumour microenvironment[400].  While these studies have been informative regarding the role of circulating IL-6 in advanced disease, the relationship between circulating IL-6 and prognosis in patients with early stage disease has not been extensively investigated in colorectal cancer and requires further investigation.               
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- 5.5 – Summary There is now a significant body of literature implicating IL-6 as a key mediator in the natural history of a variety of common solid tumours, in particular colorectal cancer.  With reference to colorectal cancer both tumour tissue and circulating IL-6 concentrations have been reported to be elevated.  Furthermore, elevated tumour concentrations have been associated with increased tumour proliferation, differentiation and vascular invasion and circulating concentrations have been associated with systemic effects such as weight loss, fatigue and the production of acute phase proteins.  Taken together these results support the concept that the pleiotropic cytokine, IL-6, may be involved in modulation of both the systemic and local inflammatory responses in a variety of tumours including colorectal cancer.  However, it is not clear whether the elevated tumour and circulating concentrations of interleukin-6 are due to the presence of necrosis or some other constitutive lesion.  Furthermore, the role of IL-6 and its downstream signaling pathways, such as the JAK/STAT pathways need further investigation in colorectal tumours and inflammatory infiltrate.  Such information will provide new insight into the natural history of colorectal cancer and may help to provide a means of identifying those patients with early stage disease who may be at risk of disease progression.     
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Additionally, if IL-6 were proven to be important in this regard, it may become an important therapeutic target in patients with colorectal cancer.  Indeed, in recent years multiple cell line and animal studies have reported consistent evidence that anti-IL-6 therapies represent a promising treatment strategy in various cancers[401, 402].   With regard to cancer-associated inflammation it is becoming more apparent that targeted therapies against IL-6 will not only target malignant tumour cells but also target the crucial interaction between the tumor and the host in the tumour microenvironment.  Of particular interest, is the finding that inhibition of IL-6 signalling specifically suppressed the phosphorylation and nuclear translocation of STAT-3, which has been strongly implicated in the tumour-host interaction [403].  Over the last decade several monoclonal antibodies and conjugated toxins have been developed for inhibition of IL-6 signalling in humans.  More recently, some of these compounds have entered phase I/II trials, with notable results including the finding that reduction in circulating IL-6 concentrations was associated with better response to therapy [404-406].  Despite these encouraging results the clinical efficacy of these treatments are yet to be fully examined.  It is also of interest that while clinical cancer studies have investigated the effect of monoclonal antibodies to directly inhibit IL-6, it is also known that drugs currently in routine clinical practice, particularly non-immunologic therapies including corticosteroids and non-steroidal drugs, are capable of inhibiting IL-6 signalling.  This observation requires further examination.
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6.0 – CIRCULATING IL-6 CONCENTRATIONS LINK TUMOUR NECROSIS AND 
SYSTEMIC AND LOCAL INFLAMMATORY RESPONSES IN PATIENTS 
UNDERGOING RESECTION OF COLORECTAL CANCER. - 6.1 - Introduction Despite the strong evidence linking the local and systemic inflammatory responses to colorectal cancer survival and their apparent independent prognostic value, the mechanisms by which these two related inflammatory processes are activated, maintained, and interact are not clear.  Recent work has highlighted tumour necrosis as a prognostic factor in colorectal cancer and its close associations with the local and systemic inflammatory responses [171, 407].  However, what remains unclear is the mechanism linking tumour necrosis and the local and systemic inflammatory responses.  One hypothesis is that tumour necrosis may link these two key inflammatory processes via immunological mediators, in particular interleukin-6, present in the tumour microenvironment and in the circulation [402].  The molecular links between tumour necrosis and these key inflammatory 
processes	  are	  likely	  to	  be	  complex.	  	  The	  ‘dirty’,	  hypoxia-driven, unscheduled cell death occurring in tumour necrosis makes it likely that this process may stimulate a variety of inflammatory mediators that can influence both the systemic and local inflammatory responses.  Other potential candidates for such mediators include circulating IL-10 and vascular endothelial growth factor (VEGF) [408, 409].   
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Therefore, the aim of the present study was to examine whether circulating mediators, in particular IL-6, may be a link between tumour necrosis and local and systemic inflammatory responses in patients undergoing curative resection for colorectal cancer. 
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- 6.2 – Patients and Methods Patients with colorectal cancer who, on the basis of preoperative staging and laparotomy findings, were considered to have under- gone an elective, potentially curative resection of colorectal cancer between April 2004 and July 2009 in a single surgical unit at Glasgow Royal Infirmary were included in the study. Tumours were staged using the conventional tumour, node, metastasis (TNM) staging system, 7th edition, 2010 [318].  Patients with conditions known to elicit an acute or chronic systemic inflammatory response were excluded.  These were namely (1) preoperative chemoradiotherapy, (2) clinical evidence of active preoperative infection, or (3) chronic active inflammatory diseases such as rheumatoid arthritis.  Blood samples were collected before surgery for routine laboratory analysis of full blood count, white cell and lymphocyte counts, albumin, and C-reactive protein.  The mGPS and NLR ratio were constructed using the parameters described in Chapter 3 (page 93), while the NLR ratio was constructed using previously documented thresholds.  Blood samples were centrifuged and the serum stored at  -800C before analysis of IL-6, IL-10, and VEGF.  Circulating concentrations of IL-6, IL-10, and VEGF were measured using commercially available human colorimetric enzyme-linked immunosorbent assays (Quantikine ELISA, R&D Systems, Europe Ltd, Abingdon, UK). The minimum detectable concentrations were 2pgml-1 for IL-6, 4pgml-1 for IL-10, and 9pgml-1 for VEGF.  
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Assessment of the local inflammatory cell infiltrate and tumour necrosis was performed on original haematoxylin and eosin stained full sections of the tumour, felt to represent the maximum depth of tumour invasion.  The local inflammatory response was evaluated previously in this cohort using the method described by Klintrup and Makinen as in Chapter 4 [181].  The scores were then 
dichotomised	  to	   ‘high’	  and	   ‘low’	  grade	   inflammation	   in	   line	  with	  the	  previously	  published literature [181].  Tumour necrosis was assessed using the method described by Pollheimer et al[407].  Briefly, at X40 magnification, the full sections were examined for evidence of tumour necrosis.  Tumour	   necrosis	  was	   graded	   as	   ‘absent’	   (none),	  
‘focal’	   (<10%	   of	   tumour	   surface	   area),	   ‘moderate’	   (10–30% tumour surface 
area),	   or	   ‘extensive’	   (>30%	   of	   tumour	   surface	   area)	   in	   each	   section	   before	   an	  assessment of overall extent of necrosis was made.  To test the reliability of the evaluation of necrosis, sections of 30 patients (average of 3 slides per patient) were examined independently by two observers (GJKG and CSDR) blinded to clinical outcome and clinicopathological variables.  The intraclass correlation coefficient (ICC) for the assessment of local inflammatory cell infiltrate was 0.81 and for tumour necrosis was 0.70.      
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To evaluate metabolic upset, the body composition parameters, body mass index (BMI), total body fat, subcutaneous body fat, visceral fat, and skeletal muscle mass, as previously described [313], were used to assess the relationship between systemic and local inflammation, tumour necrosis and circulating immunological factors, and cancer cachexia. Body composition data was only available for approximately one third of patients in this cohort.  Data are presented as median and range. Grouping of variables was carried out using standard thresholds for laboratory parameters.  As there are no widely accepted thresholds for IL-6, IL-10, and VEGF, the values were grouped as tertiles [410].  The concentrations of IL-6, IL-10, and VEGF below the threshold of sensitivity of the respective assays were expressed as equal to this threshold.   The relationships between the groups of patients was carried out using Mantel–Haenszel (w2) test for trend and the Kruskal–Wallis	   test	   and	  Spearman’s	   rank	  correlation as appropriate.  The relationship between IL-6 and cancer-specific survival was examined using the Kaplan–Meier method. Analysis was performed using SPSS software version 19 (SPSS Inc., Chicago, IL, USA).  The study was approved by the Research Ethics Committee, Glasgow Royal Infirmary, Glasgow.  
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- 6.3 - Results The majority of patients were >65 years old (66%), were male (51%), had TNM stage I/II disease (62%), and the majority had C-reactive protein (68%) and albumin (72%) concentrations in the normal range and a normal mGPS (68%). Of the 33 patients with hypoalbuminaemia, 16 (48%) had an elevated C-reactive protein. The majority of patients also had total white cell counts (71%), neutrophil counts (89%), lymphocyte counts (82%), and platelet counts (87%) in the normal range and a normal NLR (80%).  Serum IL-6 concentrations were divided into tertiles. The tertiles had approximately equal numbers of patients: tertile 1 (39 patients), tertile 2 (39 patients), and tertile 3 (40 patients).  Tertile 1 (median concentration 2pgml-1, range 0.8–3.38) the lowest, tertile 2 moderately elevated concentration (median concentration 4.85pgml-1, range 3.43–6.01), and tertile 3 (median concentration (9.97 pg ml-1, range 6.1–252.46) the highest.  On assessment of tumour necrosis, 48% had no evidence of tumour necrosis, 29% had focal areas of tumour necrosis, 11% had moderate tumour necrosis, whereas 12% had extensive tumour necrosis. On assessment of the local tumour inflammatory cell   response using the K-M criteria, the majority of patients were considered to have a high-grade inflammatory cell infiltrate (55%).    
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On	   Spearman’s	   rank	   correlation	   of	   individual	   values,	   there	   were	   significant associations between circulating concentrations of IL-6  and IL-10 (r = 0.56, P<0.001), C-reactive protein (r = 0.45, P<0.005), albumin (r = -0.65, P<0.001), and the skeletal muscle  index (r = -0.38, P = 0.056). Circulating concentrations of IL-10 were significantly associated with albumin (r = 0.40, P<0.05). Circulating concentrations of VEGF were significantly associated with C-reactive protein (r = 0.32, P<0.05).  The relationship between circulating IL-6 tertiles, tumour characteristics, and systemic responses in all patients with colorectal cancer are shown in Table 6.1.  When all patients were considered, circulating IL-6 was associated with gender (P<0.05), increased IL-10 (P<0.001), VEGF (P<0.001), tumour site (P<0.05), increased T stage (P<0.01), tumour necrosis (P<0.001), increased mGPS (P<0.001), increased white cell (P<0.05) and platelet (P<0.05) counts, and low skeletal muscle index (P<0.01).   When all patients were considered together, tumour necrosis was associated with increased T stage (P<0.005), decreased local inflammatory cell infiltrate (P<0.05), increased IL-6 (P<0.001), increased IL-10 (P<0.005), increased VEGF (P<0.001), mGPS (P<0.001), anaemia (P<0.05), elevated white cell (P<0.005), neutrophil count (P<0.05), and platelet counts (P<0.001), and skeletal muscle index (P<0.001).   
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In the present study, the median follow-up for the survivors was 53 (range 25–91) months. During this period, 29 patients died from colorectal cancer and 11 from other causes. Neither IL-6 and IL-10 nor VEGF were significantly associated with cancer-specific survival.  In order to account for the effect of T stage, the relationship between tumour characteristics, circulating mediators, and systemic responses in patients with stage T3 colorectal cancer (n = 73) was examined (Table 6.2). When T3 colon tumours were considered alone, the relationships between IL-6 and IL-10 (P<0.001), VEGF (P<0.001), mGPS (P<0.001), platelet count (P<0.05), and tumour necrosis (P<0.001) remained significant.  
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- 6.4 - Discussion The results of the present study show that tumour necrosis, independent of tumour size, was significantly associated with elevated concentrations of IL-6, IL-10, VEGF, mGPS, NLR, platelet count, and the skeletal muscle index.   Furthermore, IL-6 concentrations were significantly associated with IL-10, VEGF, platelet counts, mGPS, and the skeletal muscle index.  In addition, IL-10 and VEGF were significantly associated with each other and both were significantly associated with systemic inflammation, as evidenced by the mGPS.  Taken together, the results of the present study indicate that IL-6 is indeed a plausible mediator of the relationship between tumour necrosis and systemic inflammatory responses in patients with operable colorectal cancer.    In the present study, circulating IL-6 concentrations were not significantly associated with the extent of the general local inflammatory cell infiltrate as evidenced by K-M criteria or cancer-specific survival.  This does not preclude IL-6 concentrations being associated with specific inflammatory cell types.  Also, the relatively small number of cancer deaths limits the conclusions that can be made about the prognostic value of IL-6.  Furthermore, although most inflammatory cell types increase with a high K-M grade, macrophage counts have recently been reported to be similar in both low- and high-grade K-M grades [337].  It was therefore of interest that circulating concentrations of IL-6 were directly associated with IL-10 as tumour IL-10 levels can be sustained by the production of IL-6 by tumour-infiltrating macrophages [408, 411].     
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Although the exact mechanism by which IL-10 exerts its effect in the tumour microenvironment is unclear, it is accepted that this cytokine has multiple stimulatory and inhibitory effects on innate and adaptive immune responses respectively.  Indeed, it has been proposed that IL-10 is a key anti-inflammatory cytokine involved in the switch from Th1 to Th2 immune responses [412].  Therefore, it may be the balance between IL-6 and IL-10 in the tumour microenvironment that may be important in determining the nature of local and systemic inflammatory responses in colorectal cancer.  Recent work has highlighted a direct relationship between the systemic inflammatory responses (mGPS) and the loss of skeletal muscle in patients with colorectal cancer [313].  In the present study, although there was a relatively small number of observations, there was also an association between elevated concentrations of circulating IL-6 and a low skeletal muscle mass. These results are consistent with work in experimental models of cancer cachexia that have implicated proinflammatory cytokines and their downstream signalling cascades in cancer-associated muscle wasting [413-415].  Prominent among these is the IL-6/JAK/STAT3 cascade [415] and therefore confirms the plausibility of the present hypothesis in patients with colorectal cancer.  The mechanism whereby tumour necrosis results in an increase in circulating IL-6 concentrations is not clear.  One plausible hypothesis is that hypoxic tumour cells activate hypoxia-inducible factors that result in the production of IL-6 and VEGF and that these spill into the circulation raising circulating concentrations (see Figure 6.1).   
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However, it is of interest that IL-6 concentrations do not appear to normalise following potentially curative resection of tumours, similar to CRP.  Thus, it is also plausible that IL-6 concentrations may be determined by tissues other than that of the tumour.  Indeed, it has been reported that tumour-associated macrophages (TAMs) may play an important role, as they are known to produce significant amounts of IL-6 and are reported to be a major source of IL-6 in both the serum and tumour microenvironment of patients with colorectal cancer [416, 417].  Indeed, numerous studies have reported the presence of macro- phages in the tumour microenvironment [183].  Despite this, the prognostic value of tumour-infiltrating macrophages remains unclear.  At least nine studies have previously reported a relationship between TAMs and survival.  Of these, five studies reported a strong association between the density of macrophages at the invasive margin and survival, whereas the remainder reported no significant association with survival [183].  Although some studies have reported that high macrophage infiltration is associated with improved survival [418-423], recent work that has identified the two main subpopulations of macrophages present in the tumour microenvironment suggests a more complex relationship between macrophage infiltration and survival [424, 425].   Indeed, it has been reported that the distribution of the M1 and M2 subpopulations of macrophages in the tumour microenvironment may influence survival and that these subpopulations may localise to different areas of the tumour depending on the prevailing conditions, including tissue hypoxia [426-428].   
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Indeed, it has long been recognised that TAMs localise to hypoxic regions of the tumour microenvironment [429].  Therefore, it is plausible that the relative density of macrophages (perhaps M2) are important in such cytokine alterations and the elaboration of the systemic inflammatory response in patients with colorectal cancer and therefore this requires further investigation.  Interestingly, recent work by Kantola et al. has highlighted the potential relationship between the systemic inflammatory response, as evidenced by mGPS, and alterations in a variety of serum cytokine concentrations and this, along with the results of the present study, may provide new insight into the inflammatory cells associated with the upregulation of the systemic inflammatory response in patients with colorectal cancer [315, 316].  Indeed, with the exception of macrophages, few inflammatory cells can produce such a spectrum of cytokines and growth factors, and this is consistent with recent reports that macrophages are abundant in tumour microenvironments even in the absence of other inflammatory cells [337, 430].  Therefore, the above findings are also consistent with the hypothesis that tumour necrosis (increasing with T stage) and IL-6 play an important role in linking local and systemic inflammatory responses in patients with colorectal cancer [171].     
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It has also previously been suggested that IL-6 may stimulate systemic inflammatory responses through the trans-signalling pathway involving the soluble IL-6 receptor and it is plausible that intra-tumoural and circulating macrophages may contribute to this trans-signalling pathway [401, 431], and therefore play a key role in the evolution of a chronic systemic inflammatory response.  Indeed, Chua et al (2011) proposed a similar scheme that proinflammatory cytokines may modulate both the local tumour microenvironment and a chronic systemic inflammatory response that affects normal organs, including liver and muscle [283]. Irrespective, the relationship 
between	   this	   ‘IL-6 trans-signalling’	   pathway	   and	   both	   local	   and	   systemic	  inflammatory responses in patients with colorectal cancer also merits further evaluation.  In summary, the present study therefore provides, for the first time, supportive evidence for the hypothesis that tumour necrosis, independent of T stage, elevates circulating IL-6 concentrations, thereby modulating both local and systemic inflammatory responses including angiogenesis that, in turn, may promote tumour progression and metastases.  Further evaluation of the relationships between cells that produce IL-6 (e.g. macrophages) in the tumour microenvironment and in the circulation is of considerable interest. A limitation of the present study is the lack of data on body composition on all patients in this cohort, however, these results are encouraging and further work to firmly establish this link between elevated circulating levels of IL-6 and low skeletal muscle index. 
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Figure 6.1 Proposed pathway linking tumour necrosis, IL-6, and systemic and local inflammatory responses in patients with colorectal cancer. 
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Table 6.1 - The relationships between circulating interleukin-6, tumour 
characteristics and systemic responses in patients with colorectal cancer. 
  Circulating Interleukin-6 (pg/ ml)  
 
Patient Characteristics 
< 3.4pg/ ml 
(n=39) 
3.4-6.0pg/ ml 
(n=39) 
>6.0pg/ml 
(n= 40) 
p-Value Age (<65/ 65-74/ >75 years) 18/13/8 12/16/11 10/18/12 0.080 Sex (male/ female) 25/14 20/19 15/25 0.019 
Circulating mediators     Interleukin-10 (tertiles) 19/12/7 11/12/7 5/9/20 <0.001 VEGF (tertiles pg/ ml) 25/0/0 10/29/0 0/5/35 <0.001 
Tumour characteristics  Presentation (Elective/ Emergency) 36/1 37/0 32/1 0.948 Tumour Site (Colon/ Rectum) 17/21 21/17 24/10 0.028 T-stage (T1/ T2/ T3/ T4) 4/7/23 2/5/25/7 1/2/25/12 0.007 N-stage (N0/ N1/ N2)  29/4/6 23/12/4 21/14/5 0.237 Tumour necrosis (Low/High) 24/13 24/12 6/34 <0.001 Vascular invasion (Yes/ No)  14/25 19/20 14/26 0.927 Inflammatory cell infiltrate (K-M – Low-grade/High-grade)  19/20  18/19  13/24  0.239 
Systemic responses  Systemic inflammatory response (mGPS low/high)  34/5  31/8  15/25  <0.001 Neutrophil Lymphocyte Ratio (NLR) (Low<5/High>5) 34/5 30/9 30/10 0.182 Anaemia >13g/dl (men), >11.5g/dl (women) <13g/dl men, <11.5g/dl (women)  12/27  13/26  11/29  0.751 White Cell count (<8.5/ 8.5-11.5/ >11.5 x109/l)  30/6/3  32/6/1  22/11/7  0.030 Neutrophil count (<7.5/  >7.5x109/l)  35/4  38/1  32/8  0.164 Lymphocyte count (>1/ <1 109/l)  6/33/0  9/28/2  4/36/0  0.545 Monocyte Count (<1/>1x109/l)  38/1  34/5  34/6  0.069 Platelets (<400/ >400 x106/L)  37/2  35/4  31/9  0.021 BMI (kg/ m2) (Normal weight, Overweight, Obese)  1/6/2  6/2/5  8/7/8  0.818 Total Fat Index (cm2/m2) (Low/Medium/High)  0/3/6  6/4/3  8/6/9  0.161 Subcutaneous fat index (cm2/m2) Low/Medium/High)  0/4/5  6/3/4  11/2/10  0.163 Visceral Fat Index (cm2/m2) (Low/Medium/High)  1/5/3  6/6/1  8/7/8  0.795 Skeletal Muscle Index (cm2/m2) (Low/Medium/High)  0/1/8  2/5/6  7/10/6  0.002 Abbreviations: BMI=body mass index; IL-6=interleukin-6; IL-10=interleukin-10; K-M=Klintrup and Makinen criteria; mGPS=modified Glasgow Prognostic Score; NLR=neutrophil– lymphocyte ratio; VEGF = vascular endothelial growth factor. 
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Table 6.2 - The interrelationships between different pathological and clinical parameters in patients with T3 stage disease 
undergoing potentially curative resection for colorectal cancer (n = 73). 
 Tumour Characteristics Circulating Mediators Systemic Responses  Tumour 
Necrosis 
K-M 
(Low/High 
Grade) 
IL-6 IL-10 VEGF Platelet 
Count 
mGPS NLR Skeletal Muscle Index 
Site 0.111 0.787 0.023 0.644 0.008 0.173 0.042 0.868 0.427 
Tumour Necrosis  0.140 <0.001 0.008 <0.001 0.004 <0.001 0.044 0.009 
K-M (Low/High Grade)   0.768 0.837 0.428 0.719 0.320 0.886 0.496 
IL-6    <0.001 <0.001 0.038 <0.001 0.301 0.133 
IL-10     0.004 0.222 0.017 0.904 0.297 
VEGF      0.017 <0.001 0.161 0.195 
Platelet Count       0.001 0.619 0.537 
mGPS        0.339 0.600 
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7.0 – THE ROLE OF THE sIL-6/GP130 TRANS-SIGNALLING SYSTEM IN 
LINKING TUMOUR NECROSIS, SYSTEMIC AND LOCAL INFLAMMATION IN 
PATIENTS WITH COLORECTAL CANCER.  
- 7.1 – Introduction Recent work has proposed that local and systemic inflammatory processes in patients with colorectal cancer may be linked through tumour necrosis [171].  Studies in colorectal cancer have strongly implicated tumour necrosis in the natural history of colorectal cancer with some reporting presence of tumour necrosis in more than 90% of colorectal cancers [407] and that presence of tumour necrosis has prognostic value in patients with colorectal cancer [171, 407].  Studies have shown that tumour necrosis was directly associated with an increased systemic inflammatory response and a decreased local inflammatory response and while tumour necrosis did not have independent prognostic value it is plausible that tumour necrosis may play a causal role in linking these two key inflammatory processes [171].    While the molecular mechanism by which tumour necrosis links these inflammatory processes is likely to be very complex, a plausible hypothesis is that tumour hypoxia, that	   results	   in	   the	   disorganised,	   ‘dirty’	   process	   of	  unscheduled cell death, releases necrotic mediators that modulate inflammatory pathways that, in turn, promote tumour growth [178].  A plausible mechanism involves the hypoxic stress pathway involving Hypoxia Inducing Factor-1-alpha (HIF-1α)	   that	   in	   turn	   is	   reported	   to	  stimulate	  production	  of	   Interleukin-6 from tumour and inflammatory cells [327, 328].   
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There is good evidence that circulating IL-6 is important in patients with colorectal cancer [363, 380-383] and it has been proposed that increased local and systemic IL-6 may play a key role in regulating key processes in cancer development including immune-regulation, angiogenesis, and modulation of systemic inflammatory responses [186, 335, 339], thus making IL-6 a strong candidate for mediating both local and systemic inflammatory responses.  The classical IL-6 signalling pathway is well known to mediate IL-6 signalling by binding to a membrane bound receptor (mIL-6R), however this pathway is restricted to cells expressing both mIL-6R and its effector unit gp130.  While there are studies reporting increased IL-6 expression in tissues of patients with colorectal cancer [365, 432], the evidence for increased expression of the membrane-bound receptor is less robust [365].  A potential alternative explanation for IL-6 signalling includes the trans-signalling pathway.  This pathway, involving the soluble IL-6 receptor (sIL-6R) and its signal transducer gp130, have been implicated in IL-6 signalling in a variety of cancers [386, 389, 433].  Further, this trans-signalling pathway is well recognised to be a key part of the STAT3 signalling pathway that has recently been strongly implicated in tumour growth [433].  In addition, sIL-6R and sgp130 are well-recognised to be important in IL-6 mediated regulation of the systemic inflammatory response, in particular the systemic inflammatory response [352, 371, 372].    Therefore the IL-6 trans-signalling pathway is a plausible pathway in the IL-6 signalling cascade in patients with colorectal cancer.  Despite this, there has been limited investigation of the role of the IL-6 trans-signalling pathway in patients with colorectal cancer. 
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The aim of the present study was to examine whether elevated concentrations of the soluble receptors, sIL-6R and gp130, were present in patients with colorectal cancer and examine whether they form part of the link between tumour necrosis, and local and systemic inflammatory responses in patients undergoing curative resection for colorectal cancer.  
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- 7.2 – Patients and Methods Patients with colorectal cancer who, on the basis of preoperative staging and laparotomy findings, were considered to have undergone an elective, potentially curative resection of colorectal cancer between July 2010 and June 2011 were included in the study.  Tumours were staged using the conventional tumour, node, metastasis (TNM) staging system, 7th Edition [318].  Patients with conditions known to elicit an acute or chronic systemic inflammatory response were excluded.  These were namely (i) pre-operative chemoradiotherapy, (ii) clinical evidence of active pre-operative infection, or (iii) chronic active inflammatory diseases such as rheumatoid arthritis.  Blood samples were collected prior to surgery for routine laboratory analysis of full blood count, white cell and lymphocyte counts, albumin and C-reactive protein. A further blood sample was taken at the time and stored.  Blood samples were centrifuged and the serum stored at -80oC prior to analysis of soluble interleukin-6 receptor (sIL-6R) and sgp130.   Circulating concentrations of sIL-6R and soluble gp130 were measured using commercially available Human soluble IL-6R and Human soluble gp130 Quantikine enzyme-linked immunosorbent assays (R&D Systems, Europe Ltd, Abingdon, UK).  Using this assay the values corresponded to the total amount of sIL-6R and sgp130 present in the samples, i.e. the amount of free receptors plus the amount of the receptors bound. All samples were thawed only once and assayed in duplicate.  
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The modified Glasgow Prognostic Score (mGPS) was constructed based on routine pre-operative blood tests[195].  Briefly, patients with both an elevated C-reactive protein (>10mgl-1) and low albumin (<35gl-1) were allocated a score of 2; patients in whom only C-reactive protein was elevated (>10mgl-1) were allocated a score of 1 and those with a normal C-reactive protein were allocated a score of 0.  The neutrophil-lymphocyte (NLR) ratio was constructed using previously documented thresholds.  Briefly, NLR was determined by dividing the absolute neutrophil count by the absolute lymphocyte count, the NLR data was then dichotomised, and given a score of 0 (<5:1), and 1 (>5:1).  Assessment of the local inflammatory cell infiltrate and tumour necrosis was performed on original haematoxylin and eosin-stained full-sections of the tumour, felt to represent the maximum depth of tumour invasion.  The local inflammatory response was evaluated previously in this cohort using the method described by Klintrup and Makinen [181].  Briefly, K-M criteria is a four-point scale, a score of 0 indicates no increase in inflammatory cells at the invasive margin, a score of 1 indicates presence of a mild/patchy increase in inflammatory cell reaction at the invasive margin but no destruction of invading cancer cell islets, a score of 2 indicates observation of a band-like inflammatory reaction at the invasive margin, and a score of 3 indicates observation of a florid inflammatory reaction with cup-like inflammatory infiltrate at the invasive margin.	   The	   scores	   were	   then	   dichotomised	   to	   ‘high’	   and	   ‘low’	   grade	  inflammation in line with the previously published literature [181].    
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Tumour necrosis was assessed using the method described by Pollheimer and colleagues [407].  Briefly, at x40 magnification the full sections were examined 
for	  evidence	  of	  tumour	  necrosis.	  	  Tumour	  necrosis	  was	  graded	  as	  ‘absent’	  (none),	  
‘focal’	  (less	  than	  10	  per	  cent	  of	  tumour	  surface	  area),	  ‘moderate’	  (10-30 per cent 
of	  tumour	  surface	  area),	  or	  ‘extensive’	  (more	  than 30 per cent of tumour surface area) in each section before an assessment of overall extent of necrosis was made.  To test the reliability of the evaluation of necrosis, sections of 30 patients (average of 3 slides per patient) were examined independently by two observers (GJKG and CSDR) blinded to clinical outcome and clinicopathological variables.  The intra-class correlation coefficient (ICC) for the assessment of local inflammatory cell infiltrate was 0.81 and for tumour necrosis was 0.70.  The study was approved by the Research Ethics Committee, Glasgow Royal Infirmary, Glasgow.  
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- 7.3 - Results Seventy-four patients who underwent potentially curative resection for colorectal cancer between June 2004 and June 2009 were included in the study. The majority of patients were 65 years or older (66%), male (57%%), TNM stage I/II (64%%) and the majority had C-reactive protein (76%) and albumin (55%) concentrations in the normal range and a normal mGPS (76%).  Of the 33 patients with hypoalbuminaemia, 14 (19%) had an elevated C-reactive protein. The majority of patients also had total white cell counts (80%), neutrophil counts (92%), lymphocyte counts (92%), and platelet counts (92%) in the normal range.  On assessment of the local tumour inflammatory cell response using the Klintrup-Makinen criteria, the majority of patients were considered to have a high-grade inflammatory cell infiltrate (52%). On assessment of tumour necrosis, 30% had no evidence of tumour necrosis, 42% had focal areas of tumour necrosis, 20% had moderate tumour necrosis, while 8% had extensive tumour necrosis.  As no established thresholds exist for circulating concentrations of soluble IL6 receptor and soluble gp130 were grouped as tertiles.  The relationship between circulating sIL-6 receptor and soluble gp130 concentrations in patients with colorectal cancer is shown in Tables 7.2 and 7.3. Increased concentration of circulating sIL6 receptor was associated with anaemia only (p<0.05).   Tumour necrosis was associated with vascular invasion (p<0.05), local inflammatory infiltrate (<0.05), T-stage, margin positivity (p<0.05), peritoneal involvement (p<0.05).  
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With regard to the systemic inflammatory response tumour necrosis was associated with increased C-reactive protein (p<0.001), hypoalbuminaemia (p<0.05), increased mGPS (p<0.001), anaemia (p<0.05) and increased platelets (p<0.05). In contrast, sIL6 receptor was not associated with patient or tumour characteristics or systemic responses with the exception of an association with anaemia (p=0.020). Similarly, soluble gp130 was not associated with patient, tumour characteristics or systemic responses.  
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- 7.4 – Discussion In chapter six we highlighted that serum IL-6 concentrations were elevated in patients with colorectal cancer and proposed that IL-6 may be an important link between tumour necrosis and systemic and local inflammatory responses.   Given these findings we proposed that IL-6 trans-signalling may be a plausible pathway for transduction of IL-6 signalling.    In the present study, neither soluble IL6 receptor nor soluble gp130 is associated with local or systemic inflammatory responses in patients with colorectal cancer.  In addition, in the present study this study reports no significant association between these two soluble factors of this trans-signalling pathway.  In this study, our findings suggest that neither sIL-6R nor sgp130 are associated with any tumour characteristics or measured elements of the systemic inflammatory response.  This is similar to recent findings by Yeh et al. who reported no association between pathological variables, including T-stage in patients with colorectal cancer [433].   A possible limitation of this study relates to the thresholds used for detecting elevated concentrations of sIL-6R and sgp130.  These thresholds are slightly higher than reported in studies of patients with breast cancer and myeloma.  Despite this, our thresholds used are somewhat lower than those used by Yeh et al.    
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 While is it widely accepted that IL-6 is one of the main pro-inflammatory signals involved in modulation of systemic inflammatory responses the source and downstream signalling pathway involved remains unclear.  The findings of this study are not supportive of a role for trans-signalling in our cohort of patients with colorectal cancer, however it cannot exclude this pathway in playing a role in modulation of systemic and local inflammatory responses in patients with cancer.  These findings may reflect the fact that the effect of trans-signalling is low or that current ELISA methods are not able to detect the various forms of these soluble components of trans-signalling.  This merits further evaluation.                
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Table 7.1 – Baseline characteristics of patients undergoing potentially 
curative resection for colorectal cancer.  
 No. of Patients (n=74) 
Patient Characteristics  Age (<65/ 65-74/>75) 25/32/17 Sex (Male/Female) 42/32 
Tumour Characteristics  Tumour Site (Colon/ Rectum) 44/30 T-stage (T1/ T2/ T3/ T4) 9/11/40/14 N-stage (N0/ N1/ N2)  48/18/8 TNM Stage (I/II/III) 17/30/27 Tumour necrosis (Absent/Focal/Moderate/Extensive) 22/31/15/6 Vascular invasion (Yes/ No)  32/42 Margin Involvement (Yes/No) 8/66 Tumour Perforation (Yes/No) 8/66 Peritoneal Involvement (Yes/No) 11/63 
Tumour Inflammatory Cell Infiltrate  Inflammatory Cell Infiltrate (K-M grade 0/1/2/3) 5/31/32/6 Inflammatory Cell Infiltrate (K-M – Low-grade/High-grade) 38/36 
Trans-Signalling Receptors  sIL-6 Receptor (pg/ml) Median and Range 398.50 (214-898) sgp130 (ng/ml) Median and Range 301 (190-493) 
Systemic Responses  C-Reactive Protein (<10/>10mg) 56/18 Albumin (>35g/L/<35g/L) 41/33 Systemic inflammatory response (mGPS 0/1/2) 56/5/13 Neutrophil Lymphocyte Ratio (NLR) (Low<5/High>5) 63/11 Platelet Lymphocyte Ratio (PLR)(<150:1/150-300:1/>300:1) 31/29/11 Anaemia (Yes/No) >13g/dl (men), >11.5g/dl (women), <13g/dl men, <11.5g/dl (women) 41/33  
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Table 7.2 – The relationships between circulating soluble IL6 receptor, 
tumour characteristics, and systemic responses in patients with colorectal 
cancer.  Circulating sIL6-R (ng/ml)   (n=27) <352 ng/ml (n=24) 348-484 ng/ml (n=23) >484 ng/ml P-value 
Patient Characteristics     Age 11/9/7 6/12/6 8/11/4 0.935 Sex (male/female) 14/13 17/7 11/12 0.836 
Tumour Characteristics     Tumour Site (colon/rectum) 15/12 15/9 14/9 0.529 T-stage (T1,T2,T3,T4) 5/5/10/7 1/5/12/6 3/1/18/1 0.744 N-stage N0,N1,N2 17/8/2 17/4/3 14/6/3 0.704 Tumour Necrosis 6/11/7/3 9/6/6/3 7/14/2/0 0.068 Vascular Invasion 8/19 11/13 13/10 0.056 Inflammatory cell infiltrate (K-M low grade/high grade)  13/12  11/14  12/12  0.884 
Trans-signalling receptors     Circulating sgp130 (ng/ml) 8/8/11 9/10/5 8/7/8 0.597 
Systemic Responses     Systemic Inflammatory Response (mGPS 0/1/2) 19/2/6 17/1/6 20/2/1 0.129 Neutrophil Lymphocyte Ratio (NLR) (Low<5/High>5) 22/5 20/4 21/2 0.341 Anaemia <13g/dl men <11.5g/dl (women)  12/15  11/13  18/5  0.020 White Cell count (<8.5/ 8.5-11.5/ >11.5 x109/l)  21/4/2  18/3/3  20/3/0  0.339 Neutrophil count (<7.5/  >7.5x109/l) 24/3 22/2 22/1 0.388 Lymphocyte count (>1/ <1 109/l) 26/1 21/3 21/2 0.495 Monocyte Count (<1/>1x109/l)  26/1  22/2  23/0  0.550 Platelets (<400/ >400 x106/L) 24/3 22/2 22/1 0.388   
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 Table 7.3 - The relationships between circulating soluble sgp130 
concentrations, tumour characteristics and systemic responses in patients 
with colorectal cancer.  Circulating sgp130 (ng/ ml)  
 (n=25) <302ng/ml (n=25) 302-353ng/ml (n=24) >353ng/ml p-Value 
Patient Characteristics     Age (<65/ 65-74/ >75 years) 9/13/3 6/11/8 10/8/6 0.719 Sex (male/ female) 7/18 12/13 13/11 0.065 
Tumour Characteristics  Presentation (Elective/ Emergency) 23/2 25/0 24/0 0.084 Tumour Site (Colon/ Rectum) 15/10 14/9 13/11 0.683 T-stage (T1/ T2/ T3/ T4) 3/1/16/5 5/5/11/4 1/5/13/5 0.973 N-stage (N0/ N1/ N2)  14/8/3 18/4/3 16/6/2 0.461 Tumour necrosis (Absent/Focal/Moderate/Extensive)  7/9/7/2  8/12/3/2  7/10/5/2  0.762 Vascular invasion (Yes/ No)  12/13 15/10 15/9 0.307 Inflammatory Cell Infiltrate  (K-M – Low-grade/High-grade)  13/12  11/14  12/12  0.884 
Trans-signalling receptors     Circulating sIL6r (pg/ml) 8/9/8 8/10/7 11/5/8 0.597 
Systemic Responses  Systemic Inflammatory Response (mGPS 0/1/2)  19/1/5  20/2/3  17/2/5  0.794 Neutrophil Lymphocyte Ratio (NLR) (Low<5/High>5)  22/3  20/5  21/3  0.953 Anaemia >13g/dl (men), >11.5g/dl (women) <13g/dl men, <11.5g/dl (women)  13/12  15/10  13/11  0.874 White Cell count (<8.5/ 8.5-11.5/ >11.5 x109/l)  22/1/2  17/5/3  20/4/0  0.857 Neutrophil count (<7.5/  >7.5x109/l)  23/2  23/2  22/2  0.966 Lymphocyte count (>1/ <1 109/l)  24/1  22/3  22/2  0.574 Monocyte Count (<1/>1x109/l)  24/1  23/2  24/0  0.490 Platelets (<400/ >400 x106/L)  23/2  22/1  20/3  0.547      
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8.0 - Conclusions It is clear that colorectal cancer remains a significant healthcare burden, and despite advances in the understanding of this disease a large number of patients are still dying prematurely.  The advent of colorectal cancer screening in recent 
years	  is	  set	  to	  impact	  the	  natural	  history	  of	  the	  disease	  with	  the	  predicted	  ‘stage-
shift’	   resulting	   in	   the	   number	   of	   node	   negative	   cancers	   being	   detected	   and	  
treated	   increasing.	   	  This	   ‘stage-shift’	  has several effects not least the increasing need for more accurate, objective and reliable stratification of patients with colorectal cancer to allow allocation to treatment to deliver high quality patient care.    Of particular relevance is the increasing acknowledgement globally that both host and tumour-related factors, in particular the importance of inflammatory responses have a significant impact on disease progression and outcome [148, 179, 195].  Indeed the number of articles has increased dramatically with search terms including cancer and inflammation returning more than double the number of articles now, compared to a decade ago [434].  With regard to local inflammatory responses there is a clear association between improved survival and high-grade inflammatory responses at the tumour margin [181, 183].  Indeed, more than 100 studies have described not only the importance of the general inflammatory response but also the type, density and location of immune cells in the peri-tumoural environment.  Further, there is increasing interest in the clinical utility of assessments of the inflammatory infiltrate in the tumour microenvironment.  
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In addition, there is a large body of evidence that systemic inflammatory responses, measured as the well-described modified Glasgow Prognostic Score (mGPS) and the Neutrophil-Lymphocyte Ratio (NLR) have strong prognostic value in patients with colorectal cancer [195].    Despite the wide recognition of the importance of the key players including tumour necrosis, systemic and local inflammatory responses in patients with colorectal cancer, several questions remain unanswered.  Firstly, while markers of systemic and local inflammation are well recognised to have significant prognostic value, the application of these scores in a clinical setting could be enhanced if it could be shown these scores had prognostic value over time following therapeutic intervention.  At the outset of this period of research this significant question remained unanswered.  To this end, Chapter 3 aimed to address the paucity of literature in this area.  The work described in Chapter 3 is not only consistent with previous literature confirming the prognostic value of preoperative assessment of mGPS and NLR but reports that longitudinal measurements of systemic inflammation also have prognostic value in patients undergoing curative resection for colorectal cancer.  Furthermore, this work confirms previous observations that mGPS may offer superior prognostic value in patients with colorectal cancer compared to NLR, and for the first time suggests it also may be superior in the setting of active surveillance.  This not only suggests that routine prolonged monitoring of the mGPS and NLR may be beneficial for prognostic purposes but also may provide a basis for interventions directed at systemic inflammation being used to maintain low levels of inflammation following resection of colorectal cancer.  
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Since the work carried out described in this thesis, further work has led to the adoption of platelets in a novel score termed the neutrophil-platelet score (NPS).  Further, systemic inflammation-based scores are being increasingly adopted to help stratify patients receiving chemotherapy, e.g. in clinical trials such as the FOCUS-4 trial. Indeed the FOCUS-4 trial, currently recruiting, uses platelets <400x109/L as an inclusion criteria. In addition to the use of neutrophils and platelets in stratifying patients to adjuvant therapy, there is also recognition that lymphocyte and monocyte numbers may also have prognostic value and further work in this area has recently been reported. Work by Clarke and colleagues has recently reported that the lymphocyte-monocyte ratio (LMR) has independent prognostic value in patients undergoing curative resection for colorectal cancer.  Therefore further work using these scores in the context of clinical trials will be 
increasingly	  important.”  Secondly, while numerous authors have reported the importance of the local inflammatory response in and around colorectal tumours, the use of these scores in the clinical setting is not routine and does not currently form part of the routine clinical assessment in patients with colorectal cancer.  Chapter 4 aimed to address both the reasons for its lack of use and examine solutions to this problem.  Review of the literature confirmed there is good evidence for the importance of the general local inflammatory cell infiltrate [181, 183], and it became apparent that the routine use of scores of local inflammatory infiltrates in the clinical setting is limited by a number of factors including, complexity and subjectivity of the scoring system, and lack of reproducibility caused by differing staining techniques in different units.   
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The study described in Chapter 4 aimed to address this problem through the development of an automated, objective assessment of local inflammatory infiltrates using commercially available image analysis software, and comparing this with well recognised methods of assessment of the local inflammatory response in patients with colorectal cancer.  The results of this study reported, for the first time, that an accurate, objective assessment was not only possible, but also had prognostic value comparable to the manual method.  While it is acknowledged that human input is still required in this method, this method of assessment of local inflammatory responses appears to be simple, practical and quick.  It is also proposed that with further advances in imaging technology, refinement of this method may enhance its clinical utility.  The reproducibility and reliability of this method remains to be tested, and validation this automated assessment of tumour inflammatory cell infiltrates merits further examination.   Moreover, in the context of the interaction between the tumour, stromal cells and inflammatory cells this approach is of increasing interest.  Indeed, recent work has led to development of a tumour microenvironment score that is reported to offer prognostic value suitable for clinical utility [435].  Despite the acknowledgement that tumour necrosis, systemic and local inflammatory responses have prognostic value in patients with colorectal cancer, the understanding of the possible links between these processes remains unclear.     
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After review of the literature it was apparent that tumour necrosis may link systemic and local inflammatory responses [171], however it is observed that the lack of independent prognostic value of tumour necrosis may suggest that 
this	   ‘dirty’	   process	   of	   disordered	   cell	   death	   may	   result	   in	   production	   of	   a	  mediator, proposed to be Interleukin-6, that could induce and maintain the interaction between systemic and local inflammatory responses in patients with colorectal cancer.  In Chapter 5, while it is acknowledged that molecular links between these processes are likely to be complex, key players are identified including hypoxic stress pathways involving HIF-1α	   and	   the	   IL-6/JAK/STAT pathway.  As a result, a diagram (Figure 5.1) reflecting this hypothesis was formulated.    Given previous observations that tumour necrosis is an important prognostic markers in patients with colorectal cancer [402] and our hypothesis that IL-6 may be one of the important mediators of this link, Chapter 6 aimed to directly address this hypothesis.    This study, for the first time, described that tumour necrosis, independent of tumour size, was significantly associated with IL-6 and other circulating pro-inflammatory mediators.  In addition, we reported that increasing concentrations of circulating IL-6 were significantly associated with mGPS and this study is consistent with a contemporaneous study by Kantola and co-workers [316].      
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This study represents the first description of IL-6 as a mediator in the link between tumour necrosis and cancer-associated inflammatory responses, in particular the systemic inflammatory response.  This also raises the possibility that IL-6 may be produced by tumour cells themselves, as previously described.  Despite this, a limitation of the present work may be the lack of examination of this proposed relationship, however both experience from preliminary work carried out during the course of this thesis and prior work have shown that assessment of IL6 concentrations at the tissue level is persistently hampered by deep background staining in tissue samples. Further work could therefore be aimed at refining the techniques of IL-6 detection in tissue samples to further examine tumour expression of IL-6.  
This is of increasing interest as there are now several compounds aimed at targeting 
not only IL-6 but also its downstream signaling components. Of particular note, there 
is now increasing interest in targeting inflammatory responses in patients with cancer, 
in particular recent work targeting the JAK/STAT mechanism as a means of 
modulating inflammatory responses has garnered interest and several clinical trials 
are ongoing [436].   This study raised the question with regard to the possible downstream signaling pathways that may be involved in linking these important inflammatory responses and tumour necrosis.  The mechanism linking IL-6 with systemic inflammatory responses is also likely to be a complex relationship.     
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Previous work by Scheller and Rose-John and colleagues had reported a possible mechanism involving the IL-6 trans-signalling pathway involving the soluble-IL-6 receptor and soluble gp130 in patients with cancer [401, 431].  Given this existing evidence, the relationship between the IL-6 trans-signalling pathway required further examination.    Chapter 7 therefore describes our study examining the proposed relationship between the sIL-6 receptor, gp130 and systemic and local inflammatory responses.  This small study failed to demonstrate a link between these inflammatory processes and the trans-signalling pathway and while this study did not demonstrate a direct link, it cannot exclude a more minor role for this pathway in modulating immune responses.  This may be because the pathway by which IL-6 exerts its immunomodulatory influence is more complex or perhaps occurs at the cellular level.  Further work examining the IL-6 receptor in tumour samples may merit further investigation.  Also, interventions targeting the IL-6/JAK/STAT pathway may shed more light on the importance of IL-6 trans-signalling.          
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In summary, this thesis highlights the importance of systemic and local inflammatory responses in patients with colorectal cancer, and has added weight to the body of evidence suggesting the value of markers of systemic inflammation, in the form of the mGPS, and that have clinical utility.  With the advent of a number of drugs targeting the IL-6/JAK/STAT pathway the basis of such prognostic value will become increasingly clear.  Both from the work presented in this thesis and from the literature reviewed in the course of this work it is becoming increasingly recognised that cancer associated inflammation and immune responses are linked in a complex manner.  The work presented here highlights the potential role of interleukin-6 in patients with colorectal cancer and its interaction with inflammatory processes, in particular, the systemic and local inflammatory processes. Given this potentially important role it seems plausible that therapies targeting interleukin-6 and its downstream pathways to downregulate inflammatory pathways may be relevant in the treatment of these patients.  Several non-selective agents are known to affect these pathways including corticosteroids, non-steroidal anti-inflammatory drugs, statins and cytotoxic anti-inflammatory drugs have all been proposed to be of potential therapeutic value.  In addition, selective blockade of interleukin-6 using drugs such as siltuximab and tocilizumab and are currently under investigation. The work described here, in particular the association between circulating levels of IL-6 and surrogate markers of systemic inflammatory responses adds weight to the hypothesis that IL-6 may play a pivotal role and may provide further insight into the complex interaction between the tumour and the host in patients with colorectal cancer.  
 183 
Further work could focus on the use of selective inhibitors of not only IL-6 but also its downstream pathways including the JAK/STAT system.  Indeed, two licensed selective JAK 1/2 inhibitors have been examined and further work is 
merited.”                     
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Appendix 1 
‘Measure stained cells algorithm’	  - optimized algorithm parameters 
Measurement Units 0=Âµm, 1=mm, 2=pixels 0 
Tissue Threshold Segment Tissue from Background by Intensity 220 
Nuclei Heterogeneity 0=Nuclei are similar, >=1, Nuclei increasingly diverse (darkest to lightest) 2 
Strength Of Nuclear Counterstaining  0=Strong Nuclear Counterstaining, 2=Weak Nuclear Counterstaining 0 
Nuclear Window Radius Size Values in units 37 
Nuclear Area Low/High Threshold Eliminate nuclei with area outside this range (specified in units squared) 0-2235 
Nuclei Per Window Low/High Threshold Eliminate nuclei with density outside this range 0-101 
% Of Nuclear Area Per Window Low/High Threshold Eliminate nuclei with nuclear area density outside this range (specified in units squared) 0-100 
Cell Area Low/High Threshold Eliminate cells with area outside this range (specified in units squared) 0-2005 
Maximum Cell Radius Values in units 63 
Nuclear Staining Intensity Cutoff Above this value pixels are identified as negative 163 
% Of Stained Area In A Nucleus Cutoff Eliminate nuclei with a % below this value 51 
Strong/Moderate/Weak Nuclear Staining Intensity Cutoff Identify nuclei having strong/moderate/weak staining intensity 0-248 
Cytoplasmic Staining Intensity Cutoff Above this value pixels are identified as negative 220 
% Of Cytoplasmic Stained Area In A Cell Cutoff Eliminate areas with a % below this value 75 
Strong/Moderate/Weak Cytoplasmic Staining Intensity Cutoff Identify areas having strong/moderate/weak staining intensity 54-133 
Membrane Staining Intensity Cutoff Above this value pixels are identified as negative 220 
% Of Membrane Stained Area In A Cell Cutoff Eliminate areas with a % below this value 75 
Strong/Moderate/Weak Membrane Staining Intensity Cutoff Identify areas having strong/median/weak staining intensity 160 
Nuclear Staining Filter 0 = Include All Cells, 1 = Include only Positive Cells, 2 = Include only Negative Cells 1 
Cytoplasmic Staining Filter 0 = Include All Cells, 1 = Include only Positive Cells, 2 = Include only Negative Cells 0 
Membrane Staining Filter 0 = Include All Cells, 1 = Include only Positive Cells, 2 = Include only Negative Cells 0 
Default Calibration 1 
Nuclear Counterstain Deconvolution - H&E 
Nuclear Marker Deconvolution 
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 – H&E 
